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(54) Imidazole derivatives having anti-HIV activity. 

(57) A novel imidazole derivatives of formula I : 
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CO 



CM 
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UJ 



V ' X-R 1 
^ N \CH 2 )/S 3 

wherein R 1 is hydrogen, alkyl, halogen, or optionally substituted aryi ; R 2 is alkyl, optionally substituted 
aryl optionally substituted aralkyl, or optionally substituted hetero ring group ; R 3 is hydrogen, alkyl, 
optionally substituted aryl, optionally substituted aralkyl, or optionally substituted hydroxy alkyl ; R 4 is 
hydrogen, alkyl, halogen, acyl, optionally substituted hydroxyalkyl, optionally esterified or amidated 
carboxyl group, hydroxy group, aryl or arylthio ; X is S, SO, S0 2t CH 2 , or Se ; n is an integer of 1 to 3, or a 
pharmaceutical^ acceptable salt thereof, said derivative having anti-HIV activity and being useful for 
the treatment of HIV infections. 
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The present Invention relates to novel imidazole derivatives, more particularly It relates to novel Imidazole 
derivatives having anti-retrovirus activity and pharmaceutical compositions effective for the treatment of ret- 
rovirus infections such as human Immunodeficiency syndromes. 

AIDS (acquired immunodeficiency syndrome) is caused by a member of retrovirus, human Immunodefi- 
ciency virus (HIV). In spite of great efforts made by researchers there have been no effective met hods for treat- 
ing AIDS so far, and the disease is becoming a more and more serious problem. 

It has been reported that pyrimidine nucleoside compounds can be useful anti-re trovir us agents because 
of the inhibitory activity against the reverse transcription of RNA of retroviruses and many compounds have 
been synthesized. Among them, azidodeoxythymidine (AZT) has been practically used for treating AIDS. AZT, 
however, cannot be used broadly due to its high toxicity. Accordingly, the development of anti-HI V compounds 
which are highly effective and less toxic has been demanded strongly. 

It has been reported that acyclovir, an acyclonucleoside derivative, has an Inhibitory effect on herpes virus 
and hence a lot of acydonucieosides with various side chains were synthesized [J. Heterocyclic Chem. 23, 
289 (1986)]. The literature failed to mention about activities of such compounds against retrovirus. 

The present inventors have made an intensive investigation for t he purpose of developing compounds hav- 
ing anti-retrovirus activity and being useful for the treatment of AIDS; they found that certain imidazole deriv- 
atives have such an activity and can prevent HIV infection. 

Thus, the present invention provides compounds of the formula I: 



wherein R 1 is hydrogen, alkyl, halogen, or optionally substituted aryl; R* is alkyl, optionally substituted aryl op- 
tionally substituted aralkyl, or optionally substituted hetero ring group; R s Is hydrogen, alkyl, optionally substi- 
tuted aryl. optionally substituted aralkyl, or optionally substituted hydroxyalkyl; R* is hydrogen, alkyl, halogen, 
acyi, optionally substituted hydroxyalkyl, optionally esterffled or amidated carboxyl group, hydroxy group, aryl 
or arylthio; X is S, SO, S0 2 , CKfe, or Se; n is an integer of 1 to 3, or a pharmaceutical^ acceptable salt thereof. 

For purposes of the present invention, as disclosed and claimed herein, the following terms are defined 
below. 

The term "alkyl" means a straight or branched saturated hydrocarbon radical having one to ten carbon 
atoms, preferably, a straight or branched alkyl radical having one to six carbon atoms. Examples of alkyl include 
methyl, ethyl, n-propyl, i-propyl, n-butyi, i-butyi, s-butyl, t-butyl, n-pentyl, i-pentyl, neopentyl, s-pentyl, t-pen- 
tyl, n-hexyl, neohexyl, i-hexyi, s-hexyl, t-hexyl and the like. 

For purposes of the present Invention, a straight or branched lower alkyl having one to four carbon atoms 
such as methyl, ethyl, n-propyl, isopropyl or t-butyl is particularly preferred. 

The term "halogen" means fluorine, chlorine, bromine and Iodine. 

The term "acyi" means an aromatic or aliphatic acyl group. Examples of aromatic acyi groups are benzoyl, 
4-nitrobenzoyl, 4-tert- butyl benzoyl, benzenesulfonyl, toluenesulfonyl and the like. Examples of aliphatic acyi 
groups are formyl, acetyl, propionyi, butyryl, valeryl and the like. Aliphatic acyl group is preferred, and formyl 
is the most preferable group. 

The term "aryl" means an aromatic ring group having six to twelve carbon atoms. Examples of aryl group 
include phenyl, tolyl, xylyl, biphenyl. naphthyt and the like, with the preference of phenyl. 

In the definition of "optionally substituted aryP, examples of the substituents Include alkyl, halogen, nitro, 
amino, hydroxy, alkoxy, and aralkyioxy as defined above, with the preference of methyl, fluorine, and chlorine. 

The term "hydroxyalkyl" means those derived from an alkyl group as defined above. Preferred hydroxyalkyl 
groups are hydroxymethyl and hydroxyethyl. 

In the definition of "optionally substituted hydroxyalkyl", substituted hydroxyalkyl means those which are 
derived by substituting an alkyl, aryl, aralkyl or acyl for the hydrogen of the hydroxy group, namely, it includes 
alkyloxyalkyl, aryloxyalkyl, aralkyloxyalkyl, acyloxyalkyl and the like. Especially, benzytoxyalkyls are prefer- 
able. 

Examples of "optionally esterified carboxyl group" include carboxyl group, methoxycarbonyl group, ethox- 
ycarbonyl, tert-butoxycarbonyi, benzyloxycarbonyl and the like, with the preference of ethoxycarbonyl. 

Salts of compounds of the formula (I) are pharmaceutical^ acceptable salts formed between a compound 
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(I) and an inorganic acid such as hydrochloric acid, nitric acid, phosphoric acid, sulfuric acid, hydrobromic acid, 
hydroiodic acid, nitrous acid, phosphorous acid or the like; or a non-toxic organic acid such as aliphatic mono- 
or dicarboxylic acid, phenyl-substituted alkanoic acid, hydroxy-mono- or hydroxy-di-alkanoic acid, aromatic 
acid, aliphatic or aromatic sulfonic acid or the like. Examples of pharmaceutical^ acceptable acid addition salts 
include sulfate, pyrosulfate, bisulfale, sulfite, bisulfite, nitrate, phosphate, secondary phosphate, primary phos- 
phate, metaphosphate, pyrophosphate, hydrochloride, hydrobromide, hydroiodide, hydrofluoride, acetate, pro- 
pionate, decanoate, caprylate, acrylate, formate, isobutyrate, caproate, heptanoate, propiolate, oxalate, mal- 
onate, succinate, su berate, sebacate, fumarate, maleate, mandelate, butyn-1,4-dioate, hexyn-1,6-dioate, ben- 
zoate, chlorobenzoate, methyibenzoate, dinitrobenzoate, hydroxybenzoate, phthalate, telephthalate, benze- 
nesulfonate, toluenesulfonate, chlorobenzenesulfonate, xylenesutfonate, phenylacetate, phenyl propionate, 
phenylbutyrate, citrate, lactate, p-hydroxybutyrlate, gfycoiate, malate, tartrate, methanesulfonate, propanesul- 
fonate, napht hale ne-1 -sulfonate, naphthalene-2-sulfonate and the like. For purposes of the invention, Inorgan- 
ic salts are preferred, and hydrochloride and nitrate are particularly preferable. 

All the compounds (I) as defined above commonly possess the objective a nti- retrovirus activity and are 
useful for the treatment of AIDS. There are certain preferable compounds which have higher anti-HI V activity, 
e.g., compounds (I) wherein R 1 is hydrogen, C r C 3 alkyl, in particular, methyl, ethyl or propyl, halogen, in par- 
ticular, bromine, or phenyl; R 2 is - C 4 alkyl, in particular, butyl, phenyl, phenyl substituted by halogen or lower 
alkyl, in particular, dimethyiphenyl; R 3 is Q y - C 3 alkyl, in particular, ethyl, benzyl, or hydroxyalkyl, in particular, 
hydroxyethyl; R 4 is hydrogen, C r C 3 alkyl, in particular, methyl or ethyl, halogen , in particular, bromine, formyl, 
hydroxymethyl, ethoxycarbonyl, carbamoyl, benzyloxymethyl, hydroxy! or phenylthio group; and X Is S or CH 2 
are preferred for purposes of t he invention. 

As can be understood easily from the formula I, the compounds (I) of the present invention can be in two 
position isomers in which a substituent of the formula -CH 2 -0-R 3 Is attached to either of nitrogen atoms In the 
imidazole ring. 

The preparation of the compounds (I) of the present invention can be carried out by any of known methods, 
for example, those sown by the synthetic routes A, 8, C, D, E, F, G t H, and/or I below. 

Synthetic Route A 



V step 1 Sri step 2 
u H 



H 



NaH 
step 3 



■ft — -fR' nn-BuLi **'* X &!rSf\ 
^Ax'-R 1 2)B 4 (electrophile) R^ST* "« 
step 4 

m — r'R 1 l)n- BuLi ^ K— £*' 

S^X'-R 2 2)B 4 (electro P hile) R "STX ~ R 
[S ^\, step 4 R 3 ^'" 



45 In the reaction scheme above, X' means S or Se and Y menas halogen. 

The reactions in the synthetic route A can be carried out according to the teachings shown at every step 
by using an appropriate imidazole derivative, e.g. 4-substituted-imidazole as the starting material. Each reac- 
tion can be carried out by employing conditions known to those skilled in the art. 

For example, in the first step, an iodine atom is introduced at the 5-position of imidazole ring In the presence 

so of a base in a solvent such as methylene chloride or the like. In the second step, the resultant imidazolyi iodide 
is added to a mixture of sodium hydride and a solution of thiophenol (orselenophenol) in an appropriate solvent 
such as dry dimethylformamide to introduce a phenylthio (or phenylseleno) group at the 5-position of imidazole 
ring. In the third step, a desired substituent, -(CH 2 ) n -0-R 3 , is introduced at a nitrogen atom on imidazole ring. 
This reaction tends to give a mixture of position isomers as a product, in which the group -(CHJn-O-R 3 is at- 

55 tached to either nitrogen atoms at 1- or 3-positions on imidazole ring. The isomer having the substituent at the 
desired position can be isolated by any of conventional methods such as silica gel chromatography. In the 
fourth step, the imidazole derivatives obtained in steps 1 to 3 above are converted into the objective compound 
(I). Thus, the hydrogen at the 2-posltion of imidazole ring is replaced by a desired substituent in the presence 
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of an electrophilfc reagent known per se In the art, for Instance, n-butyllithlum. 
Synthetic Route B 



V step 1 ST! step 2 



B 



On- BuLi > aJLj- -R' Y=haloeen . 

Z)R 4 (electrophile)" fj jj^ 7 , 

« step 3 step 4 R 4 -<j^x , -R i 

In the reaction scheme above, X* and Y are the same as defined In the Route A. The process is carried 
20 out substantially In the same manner as In Route A, except that the substituent R 4 Is introduced before the 
intoroduction of -CH 2 -0-R 3 to the Imidazole ring. 

Synthetic Route C 

•R 1 



25 



H 



M step Z R< A " Bl 

H 



35 



R3^W R'-V^X' -R 3 

Y=ha3ogen x 

HaH N— r Rl 
step 3 R 4 < N A X * -„i 



In the reactions scheme above, X' and Y are the same as defined tn Routes A and B. This process Is carried 
40 out substantially in the same manner as In Route A or B, using 2,4-substituted-tmidazoles as starting materials. 
Most of the starting materials are known compounds or, if necessary, they may be readily prepared by con- 
ventional reactions. 



45 



Synthetic Route D 

0 OVR 1 Nr.Z- , R ^T R1 
A « 



55 



Y=halogen " nV^XR 2 ' " TrMR 2 

X=S, SO, S0 2 , Se or CH 2 

In the reactions scheme above, R\ R 2 , R 3 , R 4 , and X are the same as defined before. 

The starting material A, an a-acylamlno-a-substituted-ketone, is refluxed in an organic acid solvent such 
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as actic acid in the presence of ammonia or the salts with organic acids or Inorganic acids to give an objective 
2,4,5-substituted imidazole. The subsequent reaction may be carried out according to the manner in Route A, 
B, or C. 

The starting material A can be prepared, for example, through either of the following routes. 
1)X = CH 2 

H s N-Cr 1 2. Ac,0 Py> * HN^R ' JHF HH^* 



-62t 



15 Amino acid is halogenated with thionyl hallde or phosphorus oxychloride and then refluxed with al- 

kanol to give the ester, which is reacted with an acid anhydride or an activated oganic add such as acid 
halide in the presence of a base to give an N-acylamino acid ester. This is treated with a carbanion reagent 
as Grignard reagents or organic lithium reagent in an aprotic solvent to give the starting material A. 
2)X = CH 2 



0 COOEt OH' 0 ,n He 

AcHN^ * ACHN | CH 2 R Z AcHN I_R> 

*^0tt COOEt 



0 

R 1 MgY 



30 Acylaminomalonlc acid dlester is In the presence of a base alkylated with a substituted methyl halide 

in an aprotic solvent to give a-aminoacyl-a-substituted maionic acid diester, which is hydrolyzed and de- 
carboxylated, followed by esterification. The resulting ester is treated in the same manner as aforemen- 
tioned to give the starting material A. 



3) X = S, SO, S0 2 or Se 



OVOEt N 3 transfer OVOEt _*D£L_+ : OJR' 
I XR2 * N 3 ^XR 2 N ' XR 

red. 



* A 



acylation - 



A substituted (XR 2 ) acetic acid ester is treated with azide transfer reagent in the presence of a base 
45 in an aprotic solvent at a temperature of from -100°C to room temperature. The azide transfer agent inchi- 

cles, for example, benzenesulfonylazlde, 2,4,6-trimethylbenzenesulfonylazlde, diphenylphosphorylazide 
and the like. The reaction mixture is sujected to the same reaction as shown above to give the correspond- 
ing ketone. The azide group of the ketone Is reduced and acylated to give the starting material A. 
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Synthetic Route E 



R 



/R 1 

( Jj,-za_ S - R i oxidation ,R< or 



R3^)n0 0 

16 Compounds (I) wherein X is SO or SO z can be readily obtained by oxidation of the corresponding sulfides. 

The oxidation is carried out in an appropriate solvent such as methylene chloride, acetonitrile and the like sol- 
vent with one or two mole of an appropriate oxidizing agent such as sodium periodate, m-chloroperbenzoic 
acid, hydrogen peroxide, sodium dichromate, potassium permanganate, chromic acid and the like. 

Thus obtained compounds (I) In the synthetic route A, B, C, Dor E above may be further modified according 

20 to the synthetic route F, G, H, or I as described below to yield desired Imidazole derivatives. 

Synthetic Route F 



ohc-< n Ax-r'- > B °7>?C m R>-°*>- 



Synthetic Route G 



Synthetic Route H 
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Synthetic Route I 



N-jT*' 



alkali 
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Each reaction In the synthetic routes as noted above are well known to a person skilled in the art and can 
be effected by applying the well known reaction conditions. In the working examples as is hereinafter descri- 
bed, specific procedures for each synthetic routes are given and one of skDIed in the art can obtain the com- 
pounds of the present invention by employing the same conditions as those used in the examples or others. 
For instance, illustrative procedures for each synthetic routes can be seen in the following examples. 

Although the present invention is by no means restricted to the production of a compound (I), there are a 
certain preferable synthetic route for each compound depending on the definition of "X" in the formula (I) as 
shown below. 



Preferable synthetic routes of compounds (I) 


Synthetic route 


X of formula (I) 


A, B, C 


S, Se 


D 


S, SO, S0 2l Se, CH 2 


F 


S t Se, CH 2 


G, H, I 


S, SO, SO z . Se, CH 2 



As can be seen from the results obtained by experiments described below, the novel compounds (I) of the 
invention exhibit an a nti- retrovirus activity in vitro , can be used in the prevention and/or treatment of HIV (HTLV- 
II IB strain) infection. 

The compounds of the present invention can be orally or parenterally administered. For oral administration, 
the compounds of the present invention can be used in any formulations in conventional forms such as solid 
formulations including tablets, powders, granules, capsules and the like; aqueous solutions; oily suspensions; 
and liquid formulations including syrups, elixirs and the like. For parenteral administration, the compounds of 
the present invention can be formulated as an aqueous or oily suspension injections. The formulations of the 
invention can be prepared by using conventional adjuvant such as excipients, binders, lubricants, aqueous sol- 
vents, oily solvents, emulsif iers, suspending agents or the like. The formulations may comprise further sup- 
plemental such as preservatives, stabilizers or the like. 

Appropriate daily dosage of the compounds or salts thereof of the present Invention varies depending on 
various factors such as administration route, age, body weight, conditions and symptoms of the patient to be 
treated. Generally, the daily dose may be between 0.05 -1500 mg, preferably 0.1 - 500 mg on oral adminis- 
tration, and 0.01 - 1000 mg, preferably 0.05 - 300 mg on parenteral administration, said daily dose being ad- 
ministered in 1 to 5 divisions. 

The following example is set forth to further describe the invention but is in no way meant to be construed 
as limiting the scope thereof. 
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Example 1 

1-Benzyloxymethyl-4-ethyl-2-methyl-5-phenyKhlolmldazole 



CH S '- N 
io H 



R—fBt I,/a Q NaoB H—fBt j. Et 



H H 

1 J. 



s N f Et N 1 — ft-" 



20 ^ ] - 1 

(1) 2-Methyl-4-ethyl-5-lodoimldazole 1 

25 To a solution of 910 mg of NaOH (23 mmol) in 44 ml of water are added 38 ml of methylene chloride and 

2.5 g of 2-methyl-4-ethylimidazole (23 mmol). A solution of 5.8 g of iodine (23 mmol) in 44 ml of methylene 
chloride and 22 ml of methanol is dropwise added under ice cooling. Fifteen minutes later, the mixture is ex- 
tracted with methylene chloride. The extract is washed with water, dried over Na 2 S0 4 , filtered, and the filtrate 
is concentrated. The resulting crude product is chromatographed on a column of silica gel, eluting with 3% me- 

30 thanol/methylene chloride to give 3.29 g of the desired 2-methyl-4-ethyl-5-k>doirnidazole 1_. Yield, 62%; mp. 
156- 159°C 
I: 

*H-NMR(CDCI 3 -TMS)Sppm: 1.19(t t J=7.5Hz,3H), 2.39<s,3H), 2.57(q,J=7.5Hz, 2H), 9.05(br t 1H) 

3S (2) 2-Methyl-4-ethyl-5-phenyUhioirnidazole 2 

To a solution of 2.24 g of thiophenol (20.3 mmol) in 16 ml of dry dimethylformamide is added 1.4 g of sodium 
hydride (60% oil suspension: 35 mmol) under ice cooling. Ten minutes later, 3.2 g of 2-methyl-4-ethyl-5-iodoi- 
midazole (13.6 mmol) is added to the mixture, which is heated at 130°C in a nitrogen atmosphere. Two hours 

40 later, the dimethylformamide is evaporated in vacuo. The residue is mixed with dry ice and extracted with me- 
thylene chloride. The extract is washed with water, dried over Na 2 S0 4 , filtered and the filtrate is concentrated 
In vacuo. The crude product is chromatographed on a column of silica gel, eluting with 3% methanol/methylene 
chloride. The product is recrystallized from ethyl acetate/isopropyl ether to give 1.9 g of 2-methyl-4-ethyI-5- 
phenylthio-imidazole 2. Yield, 64%: mp. 171°C 

45 2: 

iH-NMR(CDCI 3 -TMS)6ppm: 1.19(W=7.5Hz i 3H), 2.39(s,3H), 2.65(q f J7.5Hz,2H). 5.40(br,1H), 7.03-7.26(m,5H) 

(3) l-Benzyloxymethyl-5-ethyl-2-methyl-4-phenyjthioimidazole 3 and 1 -benzyloxymet hyl-4-et hyi-2-methyl- 
5-phenylthioimidazole (1-1) 



To a solution of 800 mg of 2-methyl-4-ethyI-5-phenylthtoimidazole (3.7 mmol) in 8 ml of dry dimethylfor- 
mamide is added 220 mg of 60% oil suspension of sodium hydride (5.5 mmol) under ice cooling. Ten minutes 
later, 860 mg of benzyloxymet hy I chloride (5.6 mmol) is added dropwise. Fifteen minutes later, ice water is add- 
ed to the mixture, which is extracted with ethyl ether. The extract is washed with water, dried over sodium sul- 
fate, filtered and the filtrate is concentrated in vacuo. The residue containing both the non-polar and polar prod- 
ucts is chromatographed on a column of silica gel, eluting with ethyl acetate/n-hexane (1:1). 

From the former elution is obtained 1 60 mg of 1-benzyloxymethyl-5-ethyl-2-methyl-4-phenylthioimidazole 
3 as an oil. Yield, 13%. 
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15 



20 



25 



~H-NMR(CDCI 3 -TMS)Sppm: 1.09(t l J=7.4Hz,3H), 2.43(s,3H), 2.73(q,J=7.4Hz), 4.52<s,2H), 5.26(s,2H), 7.00- 
7.31{m,10H) 

From the later elution is obtained 810 mg of 1-benzyloxymethyi-4-ethyl-2-methyl-5-phenylthioimida2ole 
(1-1) as an oil. Yield, 65%. The product, when recrystallized from n-hexane, gives crystals melting at 50 - 51°C. 

iH-NMR(CDCI 3 -TMS)5ppm: 1.24(t,J=7.4Hz ( 3H), 2.53(s,3H) t 2.69(q,J=7.4Hz,2H), 4.36(s,2H), 5.30(s,2H), 
6.97-7.31(m,10H) 



10 


Elemental analysis (C20H22N2OS) 




Calcd.(%): 


C.70.97: 


H.6.55: 


N.8.28: 


S,9.47 




Found (%): 


C.70,91: 


H.6.58: 


N.8.54: 


S,9.38 



Example 2 

1-Ethoxymethyl-4-ethyl-2-methyl-5-phenylthtolmldazole (I-2) 



CH 



N: ff Et 



EtO\/Cl 
NaH 



N r Et 

CH 5 4 N ^SH® 

I - 2 



30 



35 



To a solution of 500 mg of 4-ethyl-2-methyl-5-phenylthioimidazo!e 2 (2.3 mmo!) obtained in Example 1 (2) 
in 5 ml of dry dimethylformamide is added 140 mg of 60% oil suspension of sodium hydride (3.5 mmol) under 
ice cooling. Five minutes later, 330 mg of ethoxycarbonyl chloride (3.5 mmol) is added to the mixture, which 
is stirred for 15 minutes. The reaction mature is poured onto ice water and extracted with ethyl ether. The ex- 
tract is washed with water, dried over sodium sulfate, filtered and the filtrate is concentrated. The residue is 
chromatographed on a column of silica gel, etuting with ethyl acetate/n-hexane (2:1) to give 41 0 mg of the de- 
sired product I-2 as an oil. Yield, 65%. 
fc2: 

iH~NMR(CDCI 3 -TMS)Sppm: 1 .04(t,J=7.0Hz,3H), 

1.23(t,J=7.4Hz,3H), 2.52(s,3H), 2.6e(q,J=7.4Hz,2H), 3.35 (q,J=7.0Hz,2H), 5.22(s,2H), 6.98-7.27 (m.5H) 



Elemental analysis (C 16 H 2 oN 2 OS 1/6H 2 0) 


Calcd.(%): 
Found (%): 


C.64.49: 
C.64.55: 


H.7.22: 
HJ.37: 


N.10.03: 
N.10.03: 


S, 11.48 
S, 11.26 



45 



SO 



Examples 3- 18 

In Examples 3 to 18, compounds (I-3) - (1-18) are obtained by conducting the reaction substantially in the 
same manner as that described in Examples 1 and 2. The resultant compounds are summarized in Table 1 
below. 
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Exai 
No. 


1 X 


R 1 


R a 


R 3 


R 4 


npCC)salt 


Conp. No. 


3 


s 


-CH, 


-®> 


-CH,-® 


H 


127-128 HC1 


I- 3 


4 


s 


-C2HS 




-CH 2 -® 


H 


129-130 HNO3 


I- 4 


5 


s 


H 


-<o) 




H 


145-146 HNOa 


I- 5 


6 


s 


-<°> 


-<°> 


"CHj-® 


H 


oil 


I- 6 


7 


s 


-CH, 




-C2HS 


H 


79-80 HNOs 


I- 7 


8 


s 


-CH 3 


-CCH,),CH, 


-CHj-® 


H 


124-126 HN0, 


I- 8 


9 


s 


-(CH 2 ) t CH 3 


-<£> 


-CHj-® 


H 


121-122 HNOs 


I- 9 


10 


s 




-<°> 


-CH,-® 


Br 


oil 


1-10 


11 


s 


-CHj 


-®> 


-CjHj 


Br 


90 HNO3 


1-11 


12 


s' 




-® 


-CH 2 -® 


Br 


53-54 


1-12 


13 


s 


-(CH 2 )jCH 3 


-<2> 


-CH,-® 


Br 


131-132 HC1 


1-13 


14 


s 


-C2H5 


CH 3 
CHj 


-CH,-® 


LCH S 


oil 


1-14 


15 


s 


-C,H S 


CH 3 
CH, 


-C,H S 


-CHj 


oil 


1-15 


16 


s 


CH 3 

-ch" 

V CB 3 


CHa 
CH 3 


-CH,-® 


-CHj 


oil 


1-16 


17 


s 


^Ha 
-CH 


-@ 


-CH,-® 


-CH, 


92. 5-93. 5° 


1-17 


18 


s 


^Ha 
-CH 

V CHj 


-®> 


-C2H5 


-CH, 


107-108° HC1 


1-18 



Physicochemical properties of each compound as described in Table 1 are provided below. 
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U3: 

iH-NMR (CDCI 3 -TMS)5ppm: (free base)2.36(s,3H), 4.37(s,2H), 5.32(s,2H), 6.97.31 (m,1 OH), 7.82(s,1H) 





Elemental analysis (C 18 H ie N 2 OS HCI) 


5 


Calcd.(%): 


C.62.33: 


H.5.52: 


CM 0.22: 


N.6.06: 


S.9.24 




Found (%): 


C62.07: 


H.5.59: 


CU0.24; 


N,8.02: 


S.9.03 



10 nT-NMR(CDCl3-TMS)6ppm: 1.25(t,J=7.5Hz,3H) t 2.72 <q ( J=7.5Hz,2H), 4.38(s,2H), 5.32(s,2H), 6.97-7.31 (m,10H) t 
7.82(s,1H) 





Elemental analysis (C ie H2oN 2 OS HN0 3 ) 


15 


Calcd.(%): 


C,58.90: 


H5.46: 


N.10.85: 


S.8.28 




Found (%): 


C.58.88: 


H5.55: 


N.10.93: 


5,8.35 



I-5: 

20 nT-NMR(CDCI 3 -TMS)5ppm: (free base) 4.36(s,2H), 5.35(s,2H), 7.07.32(m,10H), 7.47(s,1H), 7.89(s,1H) 

iH-NMR(CDCI 3 -TMS)6ppm: 4.50(s,2H), 5.27(s,2H), 7.10-7.44 (m,15H), 7.82(s.1H) 
I-7: 

^H-NMR(CDCI 3 -TMS)5ppm: (free base) 1.02(t,J=7.0Hz,3H), 2.34(s,3H), 3.35(q,J=7.0Hz,2H). 5.26(s,2H). 6.95- 
25 7.27 (m,5H). 7.79(s.1 H) 





Elemental analysis (C na H 16 N 2 OS HNQ 3 ) 




Calcd.(%): 


C.50.15: 


H.5.50: 


N.13.50: 


S, 10.30 


30 


Found (%): 


C.50.09: 


H.5.50: 


N.13.61: 


S, 10.22 



I-8: 

nT-NMR(CDCI 3 -TMS)8ppm: 0.86(t,J=7.5H,3H), 1.41(m,4H), 2.33(s,3H). 2.59ftJ=7.5Hz,2H) ( 4.48(s,2H), 5.40(s. 
2H), 7.26-7.35(m,5H), 7.69(s, 1 H) 



Elemental analysis (C^H^NaOS HNQ 3 ) 


Calcd.(%): 
Found (%): 


C.54.37: 
C.54.20: 


H.6.56: 
H.6.54: 


N.11.89: 
N.11.78: 


S.9.07 
S.8.92 



TH-NMR(CDCI 3 -TMS)8ppm: (free base) 0.95(t,J=7.2Hz,3H), 1.30.80(m,2H). 2.69(t,J=7.4Hz I 2H), 4.39(s,2H), 
5.32(s t 2H), 6.97-7. 32 (m f 1 OH), 7.89(s,1H) 



45 


Elemental analysis (C20H22N2OS HNO a ) 




Ca!cd.(%): 


C.59.B3: 


H,5.77: 


N.10.47: 


S.7.99 




Found (%): 


C.59.66: 


H,5.72: 


N.10.32: 


S.7.87 



50 



MO : 

iH-NMR(CDCI 3 -TMS)5ppm: 4.54(s,2H), 5.26(s,2H), 7.18-7.42 (m,15H) 
M1: 

ThTNMR(CDCI 3 -TMS)Sppm: (free base) 1.02(U=7.0Hz.3H), 2.32(s.3H) t 3.41(q.J=7.0H2 t 2H), 5.29(s.2H), 6.99- 
55 7.26(m,5H) 
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Elemental analysis (C n H 15 BrN 2 OS HN0 3 ) 
Calcd. (%):C,40.01:H,4.13:Br,20.48:N,10.77:S,8.22 
Found ( %):C, 39. 86 :H, 4 . 21:Br, 20. 61 : N, 10 . 6 1 : S , 8 . 19 

1-12; 

iH-NMR(CDCI 3 -TMS)Sppm: (free base) 1.23(t,J=7.5Hz,3H), 2.69(q p J=7.5Hz ( 2H). 4.47(s,2H), 5.36(s,2H), 6.99- 
7.31(m,10H) 



Elemental analysis (C 1s H 1s BrN 2 OS) 


Calcd.(%): 
Found (%): 


C.56.58: 
C.56.66: 


H.4.75: 
H.4.77: 


Br.19.81: 
Br,19.62: 


N.6.95: 
N.7.04: 


SJ.95 
S.7.84 



1-13 ; 

'H-NMR(CDCl3-TMS)5ppm: (free base) 0.92(t l 7.2Hz,3H), 1.67(m ( 2H), 2.63(m,2H), 4.56(s,2H), 5.35(s,2H) t 
7.00-7.30 (m,10H) 



Elemental analysis (C 20 H 21 BrN 2 OS HCI) 


Calcd.(%): 
Found (%): 


C.52.93: 
C52.73: 


H.4.89: 
H.4.88: 


Br,17.61: 
Br t 17.57: 


Cl.7.81: 
Cl.7.75: 


N.6.17: 
N.6.14: 


S.7.07 
S.7.14 



1-14 : 

iH-NMR(CDCI 3 -TMS)fippm: 1.24(t,J=7.4Hz,3H), 2.20(s,6H), 2.52(s,3H), 2.68(q f J=7.4Hz,2H), 4.37(s,2H), 

5.30(s,2H), 6.60-6.74(m f 3H), 7.10-7.30(m t 5H) 

1-15 : 

'H-NMR(CDCI r TMS)6ppm: 1.06(t,J=7.0Hz,3H) f 1.24 (t,J=7.4Hz,2H), 2.22(s,6H), 2.53(s,3H), 2.67(q,J=7.4Hz,2H), 

3.36(q,J=7.0Hz.2H), 5.23(s,2H) 

1-16 : 

iH-NMR(CDCI 3 -TMS)5ppm: 1.27(d,J=7.2Hz,6H), 2.20(s,6H), 2.53(s,3H). 3.18(sept,1H), 4.38(s.2H), 
5.30(s,2H). 6.60-6.74(m,3H), 7. 12-7.31 (m,5H) 



Elemental analysis (C^Hjb^OS 2/3H 2 0) 


Calcd. (%): 
Found (%): 


C.70.37: 
C.70.34: 


H.7.53: 
H.7.31: 


N.7.13: 
N.7.21: 


S.8.17 
S.7.89 



1-17 : 

'H-NMR(CDCl3-TMS)5ppm: 1.26(d,J=6.8Hz,6H), 2.52(s,3H). 3.17(sept ( 1H), 4.37(s,2H), 5.29(s,2H) f 6.96- 
7.30(m,10H) 



Elemental analysis (C 2 iH 2 4N 2 OS) 


Calcd. (%): 
Found (%): 


C.71.75: 
C.71.47: 


H.6.86: 
H.6.8B: 


N.7.95: 
N.7.84: 


S.9.10 
S,8.86 



1-18 : 

iH-NMR(CDCI r TMS)fippm: 1.03(t,J=7.0Hz,3H), 1.25 (d,J=7.0Hz,6H), 2.53(s,3H), 3. 17 (sept, 1H), 3.35 
(q,J=7.0Hz.2H), 5.22(s,2H) t 6.95-7.27(m,5H) 
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Elemental analysis (C 1B H 22 N 2 OS HCI 1/3H a O) 



Calcd.(%): 
Found (%): 



C.57.73: 


H.7.17: 


Ct,10.65: 


N.8.42: 


C.57.92: 


H.7.13: 


Cl.10.70: 


N.8.62: 



S,9.63 
S r 9.56 



Example 19 

10 l-benzyloxymethyl-2,4-diethyl-5-phenylthioimidazole (1-1 9) 
N 



15 



N r Et l)n-BuLi 

O: ~ * 



2)EtI 



i — ii 



I - 4 



I -19 



20 



25 



35 



40 



45 



In a mixture of 5 ml of dry tetrahydrofuran and 2.5 ml of dry hexamethylphosphoric triamide is dissolved 
150 mg of 1-benzyioxymethyl-4-ethyl-5-phenylthioimidazole (1-4) (0.46 mmoi) obtained in example 4, and the 
resulting solution is chilled at -78°C. To the solution is added dropwise 1 .64 M n-butyl lithium solution in 0.49 
ml of hexane (0.8 mmol). Five minutes later, 110 mg of ethyl iodide (0.8 mmol) is added to the mixture, which 
mixture is allowed to stand for 10 minutes, when It is poured onto ice water and extracted with ethyl ether. The 
extract is washed with water, dried over sodium sulfate and filtered. The filtrate is chromatographed on a column 
of silica gel, elutlng with ethyl acetate/n-hexane (1:2) to give 50 mg of the product (1-19) as an oil. Yield, 31%. 
1-19 : 

iH-NMR(CDCl3-TMS)6ppm: 1.20(t,J=7.4Hz,3H), 1.37 (t,J=7.4Hz,3H), 2.71(q f J=7.4Hz,2H). 2.B3(q,J=7.4Hz,2H), 
4.36(s,2H) ( 5.31(s,2H), 6.96-7.29(m,10H) 

Example 20 

1-Benzyloxymethyi-2-bromo-4-methyl-5-phenylthloimldazole (1-20) 



I - 3 



1) n-BuLi 

2) Br 2 



fy <^ns 



] -20 



In 5 ml of dry tetrahydrofuran is dissolved 300 mg of 1-benzyloxymethyI-4-methyl-5-phenylthioimldazole 
(I-3) (1 mmoi) obtained in example 3 f and the resulting solution is chilled at -78°C. To the solution is added 
dropwise 1 .64 M solution of n-butyl lithium in 0.71 ml of hexane (1.16 mmol) and the mixture allowed to stand 
for 10 minutes, when 185 mg of bromine (1.16 mmol) is added thereto. Fifteen minutes later, the mixture is 
poured onto ice water. The mixture is neutralized with sodium bicarbonate and extracted with ethyl ether. The 
extract is washed wit h water, dried over sodium sulfate, filtered and the filtrate is concentrated. The crude prod- 
uct is chromatographed on a column of silica gel, eluting with ethyl acetate/n-hexane (1:2) to give 360 mg of 
the product (I-20; mp. 55°C). Yield, 96%. 
I-20 : 

'H-NMR(CDCI 3 -TMS)5ppm: 2.33(s,3H), 4.45(s,2H), 5.36(s,2H). 6.99-7.30(m.10H) 



55 
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Elemental analysis (C ie H 17 BrN 2 SO) 


Calcd.(%): 
Found (%): 


C.55.53: 
C55.56: 


H.4.40: 
H.4.53: 


Br.20.53: 
Br f 20.26; 


N.7.20: 
N t 7.37: 


S.8.24 
S t 8.31 



Example 21 

1-Benzyloxymethyl-2-fofmyl-4-methyl-5-phenylthioimida20le hydrochloride (1-21) 



•CH 3 



l)n-BuLi 



CSOk] 3)HC1 



f{ r-CHs 



1-3 



HC1 
21 



In 5 ml of dry tetrahydrofuran is dissolved 300 mg of 1-benzyloxymethyl-4-methyl-5-phenylthioimidazoIe 
(I-3) (1 mmol), and the solution is chilled at-78°C. To the solution is added dropwise 1.64 M solution of n-butyl 
lithium in 0.71 ml of hexane (1.16 mmol) and the mixture allowed to stand for 10 minutes, when 85 mg of di- 
methylformamide (1.16 mmol) is added thereto. Fifteen minutes later, the mixture is poured onto ice water. 
The mixture is extracted with ethyl ether. The extract Is washed with water, dried over sodium sulfate and con- 
centrated. The crude product Is chromatographed on a column of silica gel, eluting with ethyl acetate/n- hexane 
(1:2) to give 194 mg of the product (1-21) as an oil. Yield, 59%. This product is treated with hydrochloric 
acid/ethyl ether to give the hydrochloride as crystals melting at 97 - 98 °C. 
1-21: 

iH-NMR(CDCl 3 -TmS)5ppm:2.35(s f 3H), 4.53(s,2H), 5.88(s,2H), 7.02-7.29(m,10H), 9.81(s,1H) ( IR(fflm): 1691, 
1454 t 1112, 1086cnrr 1 

Elemental analysis ( C J9 H l8 N 2 02S HC1 H 2 0) 

Calcd. (%):C,58.08:H,5.39:C1,9.02:N,7.13:S,8.16 

Calcd. (%) :C, 57.85 :H f 5.46 :Cl, 8. 66:13,7.09 :S, 7 .97 

Example 22 

1-Ben2yloxymethyl-2-ethoxycarfaonyl-4-methyl-5-phenylthioimidazole nitrate (I-22) 

N rT CH 3 Dn-BuLi N; <CH 3 



2)ClC00Et JtOOC 



n r [ 



I -3 



1 -22 



In 10 ml of dry tetrahydrofuran Is dissolved 300 mg of 1-benzyloxymethyi-4-methyl-5-phenylthioimidazole 
(I-3) (1 mmol) obtained in Example 3, and the solution Is chilled at -78°C. To the solution is added dropwise 
1.64 M solution of n-butyl lithium in 0.88 mi of hexane (1.44 mmol) and the mixture allowed to stand for 10 
minutes, when 157 mg of ethyl chloroformate (1.44 mmol) is added thereto. Thirty minutes later, the mixture 
is poured onto ice water and extracted with ethyl ether. The extract is washed with water, dried over sodium 
sulfate and filtered. The filtrate is concentrated, and the crude product is chromatographed on a column of silica 
gel, eluting with ethyl acetate/n-hexane (1:1). The product is treated with nitric acid/ethyl ether to give 71 mg 
of the product (I-22) as crystals melting at 90 - 91 °C. Yield, 17%. 
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10 



15 



20 



I-22: 

iH-NMR(CDCI 3 -TMS)Sppm: (free base) 1.45(t,J=7.0Hz,3H) t 2.36(s.3H), 4.45(q,J=7.0Hz.2H), 4.51 (s,2H), 
5.90(s,2H). 6.97-7.28(m,10H), I R(fHm): 1712,1474,1 23 7crrr 1 



5 


Elemental analysis (C 21 H 2 2N 2 0 3 S HN0 3 ) 




Calcd.(%): 


C56.62: 


H.5.20: 


N.9.43: 


S,7.20 




Found (%): 


C.56.79: 


H.5.29: 


N f 9.42: 


S.7.28 



Example 23 

2,5-Bis-phenylthio-1-benzyloxymethyl-4-methylimtdazole (1-23) 



ai? s ^ tir® 



I -3 



I -23 



25 



35 



40 



45 



SO 



55 



In 6 ml of dry tetrahydrofuran is dissolved 200 mg of 1-benzyloxymethyl-4-methy1-5-phenylthioimidazole 
(I-3) (0.64 mmol), and the solution is chilled at-78°C. To the solution is added dropwise 1.64 M solution of n- 
butyl lithium in 0.6 ml of hexane (0.98 mmol) and the mixture allowed to stand for 10 minutes, when 211 mg 
of diphenyl disulfide (9.7 mmol) is added thereto. Thirty minutes later, the mixture is poured onto ice water. 
The mixture is extracted with ethyl ether. The extract is washed with water, dried over sodium sulfate, filtered 
and the filtrate is concentrated. The crude product is chromatographed on a column of silica gel, eluting with 
ethyl acetate/n-hexane (1:2) to give 250 mg of the product (I-23) as an oil. Yield, 93%. 
I-23 : 

iH-NMR(CDCI 3 -TMS)6ppm: 2.3B(s,3H) ( 4.38(s,2H), 5.46(s f 2H) f 6.98-7.31 (m,15H) 
Example 24 

1-Benzyloxymethyl-2>hydroxymethyl-4-methyl-5-phenylthlolmldazole (I-24) 



N f ^ 3 

I -21 



NaBH< 



H0CH 2 



CHj 



I -24 



To a solution of 130 mg of 1-benzyloxymethyl-2-formyl-4-methyl-5-phenyIthioimidazole (1-21) (0.38 mmol), 
obtained in Example 21, in 5 ml of methyl alcohol is added 50 mg of sodium borohydride (1.3 mmol) under ice 
cooling and the mixture allowed to stand for 10 minutes, when acetic acid is added thereto. The mixture is neu- 
tralized with sodium bicarbonate and extracted with methylene chloride. The extract is washed with water, dried 
over sodium sulfate, filtered and the filtrate is concentrated. The residue is chromatographed on a column of 
silica gel, eluting with 2% methanol/ethyl acetate to give 124 mg of the product (I-24). Yield, 94%; mp. 87 - 
88°C. 
i-24 : 

tH-NMR(CDCI 3 -TMS)5pprn: 2.32(s,3H), 3.00{brs.,1H), 4.37(s,2H), 4.79(s,2H), 5.44(s,2H), 6.97.30(m,1 OH), IR- 
(film) 3172, 1475, 1454, 1438, 1074crrr 1 
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Elemental analysis (C 19 H2dN 2 0 2 S) 


Calcd.(%): 
Found (%): 


C.67.03: 
C.66.83: 


H.5.92: 
H.6.05: 


N,8.22: 
N.8.31: 


S.9.42 
S.9.33 



Example 25 

1 ,2-Bis-benzyloxymethyl-4-methyl-5-phenylthioimidazole (I-25) 




To a solution of 20 mg of 1-ben2yloxymethyl-2-hydroxymethyl-4-methyl-5-phenylthioimidazole (I-24) (0.06 
mmol), obtained in Example 24, in 1 ml of dry dimethylformamide is added 4 mg of 60% oil suspension of so- 
dium hydride (0.1 mmol) under ice cooling. Five minutes later, 15 mg of benzyl bromide (0.09 mmol) Is added 
to the mixture, which is stirred at room temperature for 15 minutes. The mixture Is poured onto ice water and 
extracted with ethyl ether. The extract is washed with water, dried over sodium sulfate, filtered and the filtrate 
is concentrated. The residue is chromatographed on a column of silica gel, eluting with ethyl acetate/n-hexane 
(1 :1) to give 25 mg of the product (I -25) as an oil. Yield, 95%. 
I-25 : 

iH-NMR(CDCIg-TMS)8ppm: 2.37(s,2H), 4.34(s,2H), 4.58(s,2H), 4.75(s,2H), 5.47(s,2H) f 7.00-7.33(m,15H) 



Example 26 

l-Benzyloxymethyl^-carbamoyM-methyl-S-phenylthioimldazole (1-26) 




To a mixture of 10 ml of liquid ammonia and 1 ml of water in a sealing tube is added 200 mg of 1-benzy- 
ioxymethyl-2-ethoxycarbonyl-4-methyl-5-phenyIthioimidazole (I-22) (0.5 mmol) obtained in Example 22 and 
the mixture is heated at 70°C for 3 hours. After evaporating the ammonia, the residue is chromatographed on 
a column of silica gel, eluting with ethyl acetate and n-hexane (1:1) to give 111 mg of desired product (I-26). 
Yield, 60%; mp. 153 - 154°C. 
I-26 : 

iH-NMR(CDCI r TMS)Sppm: 2.30(s,3H), 4.56(s,2H), 5.49(brs.,1H), 6.00(s.2H), 6.99.-7.30(m.11H), IR(Nujol) 
3338,3208, 1657crrr 1 
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Elemental analysis (C ig H ig N 3 02S) 


Calcd.(%): 
Found (%): 


C,64.57: 
C.64.51: 


H.5.42: 
H.5.49: 


N.11.89: 
N.11.89: 


S.9.07 
S.9.04 



Example 27 

10 l-Benzyloxymethyl-2,4-dibromo-5-phenylthioimidazole (I-27) 

Br 2 



. HNOs 



I -5 



N T 



I -27 



25 



30 



To a solution of 50 mg of 1-benzyloxymethyl-5-phenylthioimidazo!e nitrate (1-5) (0.14 mmol), obtained in 
Example 5, in 2 ml of acetic acid is added 70 mg of bromine (0.43 mmol), and the mixture is stirred at room 
temperature for 1 hour and poured onto ice water. The resultant mixture is neutralized with sodium bicarbonate 
and extracted with methylene chloride. The extract is washed with water, dried over sodium sulfate, filtered 
and the filtrate is concentrated. The residue is chromatographed on a column of silica gel, eluting with ethyl 
acetate/n-hexane (3:1) to give 40 mg of the product (I-27). Yield, 64%; mp. 89 -90°C. 
I-27 : 

iH-NMR(CDCI 3 -TMS)Sppm: 4.45(s,2H), 5.43(s,2H), 7.00-7.30 (m,10H) 
Example 28 

1-Benzyloxymethyl-2-hydroxy-4-methyi-5-phenylthioimidazole (1-28) 



35 



40 



45 



50 



CH S 



alkali 



N r CH3 



I -20 



I -28 



To a mixture of 15 mg of 1-benzyioxymethyl-2-bromo-4-methyl-5-phenylthioimidazole (I-20) (0.04 mmol), 
obtained In example 20, and 3 ml of 2-methoxyethyl ether is added 1 ml of 1 M sodium methoxide solution in 
methanol, andthe resultant mixture is heated at 130 °C for 5 hours. After evaporating the 2-methoxyethyl ether, 
the residue is chromatographed on a column of silica gel, eluting with 3% methanol/methylene chloride. The 
crude product is recrystallized from ethyl acetate/isopropyl ether to give 9 mgof the product (I-28). Yield, 71%; 
mp. 147- 148°C. 
I-28 : 

iH-NMR(CDCI r TMS)5ppm: 2.22<s,2H). 4.54(s,2H), 5.11 (s.2H). 7.11-7.26(m,10H) ( 9.94(br.,1H), IR(Nujol) 
3100, 1686, 1457, 1369cm- 1 





Elemental analysis (C ia Hi B N 2 02S) 




Calcd.(%): 


C.66.23: 


H.5.56: 


N.8.58: 


S,9.82 


55 


Found (%): 


C66.11: 


H,5.68: 


N.8.65: 


S.9.55 
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Example 29 

S-fS.S-DlmethylphenylthioH-eth^^ (1-29) 




CH 3 TMSO 




CH 3 



lOXaqKF ^ 
lOXaqKHCOs 



CH 3 



CH 3 



CH 3 



TMSO 




CH 3 



CH 3 



1-29 



(1) To a solution of 500 mg of 5-(3,5-dimethylphenylthlo)-4-ethyl-2-methylimldazo!e (2 mmol) in 5 ml of 
dry dimethylformamide is added 120 mg of 60% oil suspension of sodium hydride (3 mmol) under Ice cool- 
ing and allowed to stand for 5 minutes. After the addition of 820 mg of iodomethyl trimethylsilyloxyethyl 
ether (3 mmol) [Tetrahydron Letters, No. 35, pp. 3263 - 3264, 1979] t the mixture is allowed to stand for 15 
minutes, when it is poured onto ice water and extracted with ethyl ether. The extract is washed with water, 
dried over sodium sulfate, filtered and concentrated in vacuo. The residue is chromatographed on a column 
of silica gel, eluting with ethyl acetate/n-hexane (2:1) to give 170 mg of 5-(3,5-dimethylphenylthio)-4-ethyl- 
2-methyH-trimethyIsilyloxyethoxymethyl-imidazole 4 as an oil. Yield, 21%. 



iH-NMR(CDCI 3 )5ppm: 0.00(s,9H), 1.27(t t J=7.6Hz,3H), 2.15(s,6H). 2.67(s,3H), 2.74(q,J=7.6Hz,2H). 
3.28(m,2H), 3.47(m,2H), 5.31(s,2H), 6.54(s,2H), 6.74(s,1H) 
(2) Preparation of I-29: 

To a mixture of 0.85 m! of 1 0% aqueous solution of potassium fluoride, 0.85 ml of 1 0% aqueous solution 
of potassium bicarbonate and 3.4 ml of dimethylformamide is added 170 mg of 5-(3,5-dinrcethyiphenylthio)- 
4-ethyl-2-methyl-1-trimethylsilyloxyethoxymethyl-imidazote 4 obtained in (1) above, and the resultant 
mixture is stirred at room temperature for 30 minutes. The mixture is combined with water and extracted 
with ethyl ether. The extract is washed with water, dried over sodium sulfate, filtered and concentrated. 
The residue is chromatographed on a column of silica gel, eluting with 5% methanol/ethyl acetate. The 
crude product is recrystallized from n-hexane to give 80 mg of the product (I-29) as crystals melting at 87 
- 89°C. Yield, 58%. 



iH-NMR(CDCI 3 -TMS)8ppm: 1.24(t,J=7.4Hz,3H), 2.22(s,6H) f 2.54(s,3H), 2.69(q,J=7.4Hz,2H), 5.29(s,2H), 
6.61(s t 2H), 6.76(s t 1H) 



4: 



1-29: 



Elemental analysis ( Cnl^^OaS ) 



Calcd. {%) :C, 6 3 . 7 2 :H,7 .55:N,8.7 4 :S, 10.01 

Found (%) :C/63.68:H,7 . 56 :N, 8 . 81 :S, 9 .81 
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Example 30 

5-(2 t 4'Dlfluorophenylthio)-4-isopropyl-1-ben2yloxymethyl-2-methyllmidazole (i-30) 



QJ&^-Q - ' i -so 



The reaction is effected in the same manner as in examples 1 and 2 to give the product (I-30). 
I-30 : 

'H-NMR(CDC! 3 -TMS)Sppm: 1.23(d,J=7.2Hz,6H), 2.50(s,3H), 3.18(sept,1H). 4.42(s T 2H), 5.32(s,2H), 6.70- 
15 6.80(m,3H), 7.14.28(m,5H) 

Example 31 

5-(2 > 4-Dlfiuorophenylthio)-1-ethoxymethyl-4-lsopropyl-2-methylimlda2Qle (1-31) and 4-(2,4-drfluorophe- 
20 nylthio)-1-ethoxymethyl-5-lsopropyl-2-methyl Imidazole (I-86) 



^N X S^>F I -31 -Vs-£>-] 
F F 



I -86 



To a solution of 300 mg of 5-(2,4-difluorophenylthio)-4-isopropyJ-2-methylimidazole (1.2 mmol) in 3 ml of 
30 dry dichloromethane is added 240 mg of triethylamine (2.4 mmol). To the mixture is added dropwise 205 mg 
of chloromethylehy! ether (2.4 mmol) under ice cooling. After 1 -hour-reaction at room temperature, to the re- 
action mixture is added ice water, which is followed by the addition of aqueous sodium hydrogencarbonate and 
extraction with methylene chloride. The extract is dried over sodium sulfate, filtered and concentrated in vacuo. 
The residue containing two products is chromatographed on a column of silica gel, eluting with ethyl acetate/n- 
35 hexane (1:1) to separate each product 

The former eluate gives 5 mg of 4-(2,4-difluorophenylthio)-1-ethoxymethyl-5-isopropyl-2-methyl imida- 
zole (1-86). Yield, 2%. 

The later eluate gives 310.0 mg of 5-(2 I 4-difluorophenyithio)-1-ethoxymethyl-4-isopropyl-2-methylimlda- 
zoie (1-31). Yield. 84%. 
40 1-31 : 

'H-NMR(CDCI 3 -TMS)Sppm: 1.05(t,J=7.0Hz l 3H) i 1.22 (d ) J=7.0HZ t 6H), 2.52(s,3H), 3.17(sept,1H), 3.38 

(q,J=7.0Hz,2H). 5.24(s t 2H), 6.70-B.90(m,3H) 

I-86 : 

iH-NMR(CDCI 3 -TMS)5ppm: 1.02(t,J=6.8Hz,3H), 1.22 (d,J=7.0Hz,6H) t 2.52(s,3H), 3.13(sept.1H), 3.35 
45 (q,J=6.8HZ,2H), 5.21(s,2H), 6.50-7.50(m f 3H) 

Examples 32 - 36 

In examples 32 to 36, the reaction is effected in the same manner as in Examples 1 - 2 to give the products 
so I- 32 to 1-36 as summarized in Table 2 below. 
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Table 2 



18 


Example No. 


X 


R 1 


R* 


R* 


R 4 


■P(TC) 


Compound No. 

; 










n 








1 

j 


20 


32 


S 


-CH(CH 3 )i 


Ve 


-C a H 5 


-CH, 


ap 169-1701: 
(H 2 S0 4 salt) 


1-32 | 










He 








j 


25 


33 


s 


-CH(CHs) 2 


<5 

Ve 


-CH 5 


-CH, 


op 163-164'C 
(H z S0 4 salt) 


1-33 i 

! 




34 


s 


-C(CH,), 


Ve 


-C,H S 


-CH 3 


bp 67-6S*C 


I 
! 

1-34 j 


30 








Ve 








i 




35 


s 


-C(CH a ), 


Ve 
Ve 


-CH, 


-CH S 


op 74-75"C 


i 


35 
















i 




36 


s 


-C(CH 3 )s 


-o 


*ch«0 


-CH, 


oil 


i 

1-36 • 
1 



40 



45 

Physicochemical properties of the compounds as described in Table 2 are shown below. 
1-32 : 

iH-NMR(CDCI 3 -TMS)8ppm: 1.26(m,J=7Hz.6H), 1.65(t.J=7Hz,3H). 2.12(s,6H). 2.53(s.3H), 3.17(m.J=7Hz i 1H), 
so 3.36(q,J=7Hz,2H). 5.22(s.2H), 6.59-6.74(m,3H) 





Elemental analysis (C 18 H 2 6N 2 OS H 2 S0 4 ) 




Calcd.: 


C51.90: 


H.6.77: 


N.6.73: 


S.15.40 


55 


Found : 


C.51.78: 


H.6.78: 


N.6.71: 


S.15.66 
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1-33: 

iH-NMR(CDCI 3 -TMS)Sppm: 1.26(m,J=7Hz,6H) f 2.22(s,6H), 2.52 (s,3H). 3.17(m,J=7Hz,1H), 3.18(s.3H), 
5.18(s,2H), 6.59-6. 74 (m,3H) 



5 


Elemental analysis (C 17 H 24 H 2 OS H 2 S0 4 ) 




Found : 


C.50.72: 


H,6.51: 


N.6.96: 


S.15.93 




Calcd.: 


C.50.84: 


H.6.62: 


N.6.81: 


S. 15.76 



iH-NMR{CDCl3-TMS)Sppin: 1.05(t,J=7Hz,3H), 1.39(s,9H), 2.21(s,6H), 3.51(s.3H), 3.38 (q f J=7Hz,2H) ? 
5.17{s,2H), 6.53-6. 73(m,3H) 



Elemental analysis (C ie H 2s N 2 OS H 2 S0 4 ) 


Calcd.: 
Found : 


C.53.00: 
C.53.14: 


H.7.02: 
H,7.05: 


N.6.51: 
N.6.61: 


S, 14.89 
S.14.98 



20 I-35 : 

iH-NMR(CDCJ 3 -TMS)5ppm: 1.39(s,9H), 2.21(s,6H), 2.51(s,3H), 3.20(s,3H), 5.13(s t 2H) f 6.53-6.73(m,3H) 





Elemental analysis (C ie H 2 «N 2 OS H 2 S0 4 ) 




Calcd.: 


C.51.90: 


H.6.77: 


N,6.73: 


S.15.40 


25 






Found : 


C.51.66: 


H.6.88: 


N,6.66: 


S t 15.33 



I-36: 

iH-NMR(CDCI 3 -TMS)Sppm: 1.39(s t 9H), 2.50(s t 3H) t 4.39(s,2H), 5.24(s,2H), 6.90-7.30(m.l0H) 

30 

Example 37 

1- Benzyloxymethyl-4-isopropyl-2-methyl-5-phenylseleny I imidazole (I-37) and 1-benzyloxymethyl-4-phenyl- 
selenyl-2-methyl-5-isopropyHmidazole (I-87) 

OJ^O >-»> Cr y&<3 

(1) 2-methyl-4-lsopropyl-5-phenylselenyl-imldazole and 2-methyl-4-phenylselenyl-5-lsopropyl-imidazole 

To a solution of 960 mg of benzeneselenol (6.0 mmol) in 10 ml of dry dimethylformamide is added 400 mg 
of 60% oil suspension of sodium hydride (10 mmol) under ice cooling and the mixture allowed to stand for 10 
minutes. After the addition of 1 g of 2-methyl-4-isopropyl-5-iodoimidazole (4 mmol), the mixture is heated at 
140°C in a nitrogen atmosphere for 1 hour. The resultant mixture is mixed with ice water and dry ice and ex- 
tracted with diethyl ether. The extract is washed with water, dried over sodium sulfate and filtered. The filtrate 
is concentrated in vacuo, and the crude product is chromatographed on a column of silica gel, eluting with 3% 
methanol/methylene chloride. The product is recrystallized from isopropyl ether to give 900 mg of the desired 

2- methyl-4-isopropyl-5-phenylselenyl-imidazole and 2-methyl-4-phenylselenyl-5-isopropyl-imidazole. Yield 
B0%;mp. 146- 147°C. 

iH-NMR(CDCI 3 -TMS)5ppm: 1.24(d,J=7.20Hz ( 6H9), 2.41(s ? 3H), 3.2 1 (sept, 1H), 7.18(m,5H) 



35 



40 



45 



50 
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(2) 1-benzyloxymethyl-4-isopropyl-2-methy]-5-phenyselenyl-lm[dazole (I-37) and 1-benzyloxymethyl-2-roe- 
thyi-4-phenylselenyf-5-isopropyl-imldazole (I-B7) 

To a solution of 400 mg of 2-methyl-4-isopropyl-5-phenylselenyl-lmldazole (1.4 mmol) In 4 ml of dry dime- 
thylformamide Is added 70 mg of 60% oil suspension of sodium hydride (1.8 mmol) under ice cooling and the 
mixture is allowed to stand for 5 minutes followed by the addition of 270 mg of benzyloxymethy! chloride (1.7 
mmol). The mixture is stirred for 30 minutes under ice cooling, mixed with ice water and extracted with diethyl 
ether. The extract is washed with water, dried over sodium sulfate and filtered. The filtrate is concentrated in 
vacuo. The crude product is chromatographed on a column of silica gel, eluting with ethyl acetate/n-hexane 
(1:1). The product is recrystallized from n-hexane to give 297 mg of the objective 2-methyl-4-phenylselenyl- 
5-isopropyl-lmidazole (I-87) and 1-benzyloxymethyi-4-lsopropyl-2-methyl-5-phenyIselenyl-lmldazoIe (I-37). 
Yield, 52%; mp. 94 - 96°C 
1-37 : 

iH-NMR(CDCI 3 -TMS)Sppm: 1.27(d ( J=7.0Hz t 6H) ( 2.55(s,3H) f 3.21(sept,1H), 4.36(s,3H) t 5.36(s,2H) t 7.10- 
7.30(m,10H) 



Elemental analysis (C 21 H 2 4N 2 OSe) 


Calcd.(%): 
Found (%): 


C63.15: 
C.63.12: 


H t 6.06: 
H.6.04: 


N.7.01 
N.6.97 



I-B7 : 

iH-NMR(CDCl3-TMS)6ppm: 1.34(t,J=7.0H2.6H), 2.53(s,3H), 3.15(sept,1H), 4.54(s,2H), 5.29(s,2H), 7.20- 
7.50(m,10H) 

Example 38 

1>Ethoxymethyl-4-isopropyl-2-methyl'5-pheny1selenyl-lmldazole (1-38) 



I —38 



The titled compound (1-38) was prepared as an oil in the same manner as that described in Example 37. 
1-38: 

iH-NMR(CDCI 3 -TMS)Sppm: 1.03(t,J=7.0HZ,3H), 1.27 (d,J=7.0HZ,6H), 3.21 (sept, 1H), 3.34(q,2H), 5.28(s,2H). 
7.10-7.26(m,5H) 

Example 39 

1-(2-Hydroxyethoxymethyl)-4*isopropyl-2-methyl-5-phenylselenylHmidazole (I-39) 



I -39 



Compound (I- 39) was prepared according to the synthetic route B. 

To a solution of 560 mg of 2-methyl-4-isopropyl-5-phenylselenyl-imidazole (2 mmol) in 5.6 ml of dry dime- 
thylformamide is added 120 mg of 60% oil suspension of sodium hydride (3 mmol) under ice cooling and the 
mixture is allowed to stand for 5 minutes. To the mixture is added 820 mg of iodomethyl trimethylsilyloxyethyl 
ether (3 mmol) and allowed to stand for 10 minutes, when the reaction mixture is poured onto ice water and 
extracted with ethyl ether. The extract is washed with water, dried over sodium sulfate, filtered and concen- 
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trated in vacuo. The residue is chromatographed on a column of silica gel, eluting with ethyl acetate/n-hexane 
(2:1) to give 70 mg of 1-(2-hydroxyethoxymethyl)^-isopropyl-2-methyl-5-phenylselenyl-imidazole as an oil. 
Yield, 10%. 
I-39: 

5 ^NMR(CDCl3-TMS)5ppm: 1.27(d,J=6.BHz,6H), 2.56(s,3H), 2.97(t f J=6.6Hz,2H) f 3.21(sept,1H), 3.52(t,J=6.6HZ, 
2H) t 5.33(s f 2H), 6.90.26(m t 5H) 

Example 40 

10 1-Benzytoxymethyl-4-isopropyl-2-methyl-5-phenylsulfinyl- imidazole (I-40) 



1S 




I -40 



0 



To a solution of 500 mg of 1-benzyloxymethyl-4-isopropyl-2-methyl-5-phenylthio-imldazole (1.4 mmol) In 
20 10 ml of methylene chloride Is added 370 mg of m-chloroperbenzoic acid (2.1 mmol) under Ice cooling, and 
the resultant mixture is stirred at room temperature for 3 hours. The mixture is mixed with aqueous sodium 
thiosulfate and aqueous sodium hydrogencarbonate and extracted with methylene chloride. The extract is 
washed with water, dried over sodium sulfate, filtered and concentrated in vacuo. The residue is chromato- 
graphed on a column of silica gel, eluting with ethyl acetate/n-hexane (1:1) to give 471 mg of the objective 1- 
25 benzyIoxymethyl-4-isopropyl-2-methyl-5-phneylsulfinyl-imidazole as crystals melting at mp. 72 - 74°C. Yield, 

54%. 
I-40 : 

iH-NMR(CDCI 3 -TMS)8ppm: 1.36(d,d,J=7.2Hz t 7.0Hz,6H). 2.38(s,3H),3.33(sept t 1H), 4.12(d,J=11.6Hz,1H). 
4.21 (d,J=1 1.6Hz 1H). 5.18(s ,2H) t 7.09-7.52(m,10H) 

30 | 

Elemental analysis (C21H24N2O2S) 



Calcd.(%): 


C68.45: 


H.6.57: 


N.7.60: 


S.8.70 


Found (%): 


C.68.31: 


H.6.65: 


N.7.65: 


S.8.47 



Example 41 

1-Benzyloxymethyl-4-isopropyl-2-methyl-5-phenylsulfinyl-imidazole (1-41) 



45 




0 0 



To a solution of 1 g of 1-benzyloxymethyl-4-isopropyl-2-methyl-5-phenylthio-imidazole (2.8 mmol) in 40 
50 mi of methylene chloride is added 1.84 g of m-chloroperbenzoic acid (10.7 mmof) under ice cooling, and the 
resultant mixture is stirred at room temperature. Six hours later, the reaction mixture is mixed with aqueous 
sodium thiosulfate and aqueous sodium hydrogenecarbonate and extracted with methylene chloride. The ex- 
tract is washed with water, dried over sodium sulfate, filtered and concentrated in vacuo. The residue is chro- 
matographed on a column of silica gel, eluting with ethyl acetate/n-hexane (1:1) to give 580 mg of the objective 
55 l-benzytoxymethyl-4-isopropyl-2-methyl-5-phenylsulfonyl-imidazole as crystals melting at mp. 116 - 117°C. 
Yield, 53%. 
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1-41 : 

iH-NMR(CDCI r TMS)Sppm: 1 .26(d f J=7.2HZ,6H), 2.42(s,3H). 3.76(sept,1H). 4.41(s,2H). 5.59(s.2H), 7.17- 
7.58(m,8H), 7.87-7.9 1(m t 2H) 



Elemental analysis (C 2 iH 24 N 2 0 3 S H 2 0) 


Calcd.(%): 
Found (%): 


C.62.66: 
0,62.73: 


H.6.51: 
H.6.25: 


N.6.96: 
N.7.01: 


S,7.98 
S P 7.B3 



Example 42 

5-Benzyl-1-benzyloxymethyl-4-isopropyl-2-methylimida2ole (I-42) 




(1) N-acetyl phenylalanine methyl ester 4 

To a solution of 2.73 g of L-phenylalanine methyl ester hydrochloride (12.7 mmol) in 5.00 g of pyridine (63.2 
mmol) is dropwise added 12.90 g of acetic anhydride (126.0 mmol) under ice cooling. The mixture is allowed 
to stand for 2 hours and concentrated in vacuo. The residue is extracted with ethyl acetate. The extract is wash- 
ed with 5% hydrochloric acid, saturated aqueous sodium bicarbonate and saturated brine in order, dried over 
sodium sulfate, filtered and concentrated in vacuo to give 2.34 g of the objective N-acetyiphenyl alanine methyl 
ester 4. Yield, 83.6%. 
1-42 : 

iH-NMR(CDCI 3 -TMS)Spprn: 1.99(s f 3H), 3.13(m,2H), 3.73(s,3H), 4.89(m,1H), 5.B9(br,1H), 7.06-7.33(m,5H) 



Elemental analysis (C 12 H 1 5N0 3 ) 


Calcd.(%); 
Found (%); 


C.65.14: 
C.65.12: 


H,6.83: 
H.6.80: 


N.6.33 
N.6.31 



(2) 4-Acetylamino-2-methyl-5-phenyl-3-pentanone 5 

Asolution of 2.30 g of N-acetyiphenylalanine methyl ester (1 0.40 mmol) in 1 5 ml of tetrahydrofuran is chilled 
at -60°C with dry ice/acetone bath. To the mixture is added dropwise 10.40 ml of 2 M solution of isopropyl- 
magnesium chloride in tetrahydrofuran (20.6 mmol) with stirring and the mixture allowed to stand for 1 5 minutes 
and returned to room temperature. The mixture was stirred for 3 hours. To the mixture is added saturated aqu- 
eous ammonium chloride under ice cooling, followed by the addition of 5% hydrochloric acid and the mixture 
extracted with ethyl acetate. The extract Is washed with saturated brine, dried over sodium sulfate, filtered and 
the filtrate concentrated in vacuo. The resulting crude product is chromatographed on a column of silica gel, 
eluting with methylene chloride and ethyl acetate (4:1) to give 1.40 g of the objective 4-acetylamino-2-methyl- 
5-phenyl-3-pentanone 5. Yield, 57.7%. 
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5: 

iH-NMR(CDCI 3 -TMS)Sppm: 1 .00(d ,J=6.6Hz,3H). 

1.09(d.J=7.2Hz,3H). 1.97(s f 3H), 2.68(m,1H), 3.04(m.2H). 5.06(m,1H), 6.07(br,1H). 7.08-7.34(m,5H) 



5 


Elemental analysis (CuH 19 N0 2 0.1 HjO) 




Calcd.(%); 


C.71.52: 


H.8.23: 


N.5.96 




Found (%); 


C.71.62: 


H.8.08: 


N,6.03 



10 



(3) 5-Benzyl-4-isopropyl-2-methyl imidazole 6 

To a solution of 1.00 g of 4-acetylaminc-2-methyl-5-pheny1-3-pentanone (4.29 mmol) in 20 ml of acetic 
acid is added 5.00 g of ammonium acetate (64.9 mmol), and the resultant mixture is heated under reflux. One 
hour later, the reaction mixture is concentrated In vacuo, neutralized with aqueous sodium bicarbonate and 
extracted with ethyl acetate. The extract is washed with saturated brine, dried over sodium sulfate, filtered and 
the filtrate Is concentrated. The crude product Is recry stall ized from ether/n-hexane to give 0.90 mg of the ob- 
jective 5-benzyl-4-isopropyl-2-methyl imidazole 6. Yield, 97.5%. 
6: 

1 H-NMR(CDCI 3 -TMS)5ppm: 1.23(d,J=7.0Hz,6H), 2.29(m,1H), 3.86(s,2H), 7.1 3-7.31 <m,5H) 





Elemental analysis (C u H ia N 2 ) 


25 


Calcd.(%); 


CJ8.46: 


H.8.47: 


N, 13.07 




Found (%); 


C.78.20: 


H.8.50: 


N.12.89 



30 

(4) 5-Benzyl-1-benzyloxymethyl-4-isopropyl-2-methylimidazole (I-42) 

To a solution of 980 mg of 5-benzyl-4-isopropyi-2-methyl imidazole (4.58 mmol) in 9.8 ml of dry dimethyi- 
formamide is added 238 mg of 60% oil suspension of sodium hydride (5.95 mmol) under ice cooling. Ten min- 

35 utes later, 935 mg of benzyioxymethyl chloride (5.97 mmol) is dropwlse added. One hour later, the reaction 
mixture is poured onto Ice water and extracted with ethyl acetate. The extract is washed with saturated brine, 
dried over sodium sulfate, filtered and the filtrate is concentrated in vacuo. The crude product Is chromato- 
graphedon a column of silica gel, eluting with ethyl acetate and n-hexane (1:1) to give B20 mg of the objective 
5-benzyi-1-benzyloxymethyl-4-isopropyl-2-methylimidazole (1-42). Yield, 54.17%. 

40 I-42 : 

iH-NMR(CDCI r TMS)Sppm: 1.28{d l J*6.6Hz,6H), 2.38(s,3H), 2.93(m,1H), 3.96(s,2H), 4.32(s,2H), 4.96(s,2H), 
7.01-7.39(m.10H) 





Elemental analysis (C^Hbe^O 0.8H 2 O) 


45 


Calcd.(%); 


C.75.74: 


H.7.97: 


N,8.03 




Found (%); 


C75.78: 


H.7.75: 


N.8.00 



50 

Examples 43 - 70 

In Examples 43 to 70, desired compounds (I-43) - (I-70) and (I-88) - (I-95) as shown in the following Tables 
3 - B were prepared according to the synthetic route D in the same manner as described in Example 42 above. 
55 Among them, compounds (I-88) - (I-95) are position isomers of compounds (1-61), (I-62) and (I-67) - (I-72), 
respectively. The isomers are separated from each other at an appropriate reaction step of each Example, said 
step corresponding to Example 42, (2) (i.e., step 2 of synthetic route D). Example 61: compounds 1-61 and I- 
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B8; Example 62: compounds I-62 and I-B9; Example 67: compounds I-67 and I-90; Example 68: compounds 
I-68 and 1-91 ; Example 69: compounds I-69 and I-92; Example 70: compounds I-70 and I-93; Example 71: com- 
pounds 1-71 and I-94; and Example 72: compounds I-72 and I-95. 



10 Table 3 



16 


Example No. 


X 


R 1 


R» 


R 5 


R* 1 


■P<1C) 


Compound No. 


20 


43 


CH 2 


-CH(CH,) 2 


-o 


-CH 2 CH,0Ac 


-CH S 


oil 


1-4 3 


25 


44 


CH 2 


-CH(CH,), 


o 


-C 2 H 5 


-CHj 


jnp 60-61T 


1-44 


30 


45 


CH, 


-CH(CH») t 


& 


-CH,CH 7 0H 


-CH, 


op 130-1311C 


1-4 5 


35 


46 


CH* 


-CHCCH,)j 




-CH,<Q> 


-CH S 


oil 


1-46 


47 


CH, 


-OKCH»)i 




-C 2 H 5 


-CHj 


oil 


1-47 


40 


48 


CH, 


-CH(CH 8 ) 2 




-C1H5 


-CH 3 


up 55-56X 


1-48 


45 


49 


CH, 


-CH(CH 8 ) 2 


-<Q~0Bn 


-CH 2 <2> 


-CH 3 


oil 


1-49 



50 
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Table 4 



Example No. X R 1 R* 



15 


Example No. 


X 


R 1 




R* 


R 4 


mpCC) 


Compound No.' 

i 


50 


CH 2 


-CH(CH,)t 


O 

tie 


»CH 2 <Q 


-CB, 


oil 


i-so ; 


20 


51 


CH, 


-CH(CH 3 ) 2 


He 

o 

lie 


-C 2 H, 


-CH 3 


oil 


1-5 1 


25 


52 


CH 2 


-CH(CHa)i 


-O~ 0H 


-C,H 5 


-CH 3 


nip 225-226r 


1-52 


30 


53 


CH 2 


-CH(CH,) 2 


-Q-0H 


-CH 2 <Q 


-CH, 


op 203-204X: 


1-53 


35 


54 


CH, 


-CH(CH s ) a 


-o 


-CH(CH 3 ) a 


-CH, 


oil 


-.4 



40 



45 



50 
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Table 5 



Example No. 


X 


R l 


R J 


R 8 


R 4 


■pCC) 


Compound No. 


55 


CH, 


-CH(CH a )j 


-o 


-CH 3 


-CH 3 


Qil 


1-55 


56 


| 


-CHCCH,), 


o 


-CHjCHaCH, 


-CHs 


oil 


1-56 


57 


CH 2 


-CH(CH,) 2 


o 


-C 2 H 5 




oil 


1-57 


58 


CH 2 


-CH(CH,) 2 


o 




-CH, 


oil 


1-58 


59 


CH ; 


-CH(CH a ) 2 






i 

-CH 3 ! oil 

i 
j 


1-59 

i 
i 


60 


CH 2 


-CH(CHj), 


^> 


-C 2 Hs 


-CH 3 


oil 


1-60 


61 


CH 2 


-OKCHj), 


lie 




I 

-CH 3 


op 104-105*0 


! 

1-61 j 

1 
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Table 6 



Example Ho. 


X 


R l 


R* 


R 3 


R 4 


mpCC) 


Compound No. 


62 


CH, 


-CHCCH S ) S 


Me 
He 


-C 2 H 5 


-CH, 


op 80-81 *C 


I - 6 2 

1 


63 


CH 2 


-CH(CH 3 ) 2 


-ciuQ> 




-CH S 


oil 


1-63 


64 


CH 3 


-CH(CH,) a 




-C2H6 


-CH, 


oil 


1 
1 

1-64 ; 

i 


65 


CH a 


-CH(CH,) 2 


tBu 

tBu 


-CH,<2> 

I 


-CH, 


oil 


1 
i 

1-65 j 


66 


CH 2 


-CH(CH,>, 


tfiu 

O 

tBu 




-CH, 


oil 


1 -6 6 | 


67 


CH* 


-CH(CH 3 ), 


CI 
CI 


-C ? H 5 


-CH 3 


nip 40-41*C 


] -6 7 1 

1 
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Table 7 



Example No. 


I. 


R 1 


R l 


R 3 


1 

R 4 


1 

opCC) 


|„ 


68 


CH a 


-CH(CH 3 ), 


CI 
CI 


-CH,<Q 


-CH a 


oil 


1-68 


69 


CH 2 


-CH(OI 3 ) 2 


F 
F 




-CHj 


oil 


1-69 


70 

I 


CH, 


-CH(CH 8 ) 2 


F 

O 

r 


-C»H 5 


-CH 3 

1 


oil 


1-70 
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Table 8 



R 4 



10 



15 



20 



25 



35 



40 



45 



Example No. 


X 


R' 


R* 


R 9 


R 4 




Compound No. 


61 


CH 3 


-CHCCH*), 


He 
Ve 


-CH,<Q 


-CHi 


oil 


1-8 8 


62 


CH, 


-CHCCH 3 ) 2 


Me 
Ve 


-C,H« 


-CH, 


op 80-81 *C 


1-8 9 


67 


CH, 


-CH(CHs), 


CI 
CI 


-CzH s 


-CH, 


oil 


1-90 


68 


CH, 


-OKCH,), 


CI 
CI 




-CH 3 


oil 


.-91 ; 
! 


69 


CH, 


-CH(CH,) 2 


F 
F 


-CH,<Q 


-CH, 


oil 


i 

! 

1-92 ■ 

! 
( 
» 


70 


CH, 


-CH(CH 3 ), 


F 
F 


-C 2 H 5 


-CH, 


oil 


i 

1-93 | 

r 


71 


CH, 


-CHCCH,), 


OMe 

O 

OMe 


-cn,<Q> 


-CH 3 


oil 


1-94 

i 


72 


CH, 


-CHCCH,), 


OMe 

O 

OMe 


-C,H 5 


-CH, 


oil 


1-9 5 : 



50 



Physicochemical properties of compounds shown in the Tables 3 to B above are shown below. 
55 M3; 

'H-NMR(CDCI r TMS)ppm: 1.2B(d,J=7.0Hz f 6H) f 2.05(s t 3H) 2.42(s,3H), 2.92(m ( 1H), 3.39(m,2H), 4.02(m,4H), 
4.97{s,2H), 7X7-7.32(m,5H) 
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Elemental analysis (C t9 H 2e N 2 0 3 0.2H 2 O) 


Calcd.: 
Found : 


C.68.32: 
C.68.21: 


H.7.97: 
H.7.97: 


N,8.39 
N.8.44 



I-44 : 

iH-NMR(CDCl3-TMS)ppm: 1 .08(t,J=7.0Hz,3H), 
1.29(d,J=7.0Hz t BH), 2.44(s t 3H), 2.93(m,1H), 
3.30(q,J=7.0Hz,2H), 3.99(s f 2H), 4.92<S,2H), 7.07-7.32(m,5H) 



Elemental analysis (C 17 H 22 N 2 0 0.05H 2 O) 


Calcd.: 
Found : 


C.74.71: 
C.74.64: 


H.8.89: 
H,8.B2: 


N.10.25 
N.10.20 



I-4S: 

iH-NMR(CDCI 3 -TMS)ppm: 1.29(d,J=7.0Hz,6H) t 2.44(s,3H), 2.93(m,1H) t 3.34(m,2H), 3.57 (m,2H), 3.99(s,2H), 
5.00(s,2H), 7.08-7.32(m t 5H) 



Elemental analysis (CitH^^O^ 


Calcd.: 
Found : 


C.70.B0: 
C t 70.71: 


H.8.39: 
H.8.41: 


N.9.71 
N,9.67 



I-46 : 

iH-NMR(CDCI s -TMS)ppm:1.28(d t J=6.6Hz,6H) 1 2.38(s f 3H) p 2.91 (m f 1H), 3.76(s,3H). 3.89<s t 2H), 4.33(s.2H), 
4.96(s,2H), 6.75-7.35(m,9H) 



Elemental analysis (C2 3 H 28 N 2 0 2 0.5 H 2 0) 


Calcd.: 
Found : 


C.73.96: 
C.73.93: 


HJ.B3: 
H.7.76: 


N.7.50 
N.7.66 



I-47 : 

iH-NMR(CDCI r TMS)ppm: 1 .1 0(t, J=7.0Hz,3H), 
1.28{d,J=6.8Hz,6H), 2.42(s t 3H), 2.92<m,1H), 

3.31{q t J=7.0Hz,2H), 3.78(s t 3H), 3.92<s,2H), 4.91(s,2H), 6.79-7.03(m,4H) 



Elemental analysis (C 18 H2eN 2 0 2 0.2H 2 O) 


Calcd.: 
Found : 


C.70.65: 
C.70.72: 


H f 8.70: 
H.8.55: 


N.9.15 
N,9.41 



I-48 : 

iH-NMR(CDCI 3 -TMS)ppm: 1.08(W=7.0Hz,3H), 
1.28(d,J=7.0Hz,6H). 1.42(s f 3H), 2.93(m,1H), 

3.30(q,J=7.0Hz,2H), 3.92(s,2H) t 4.91(s,2H). 5.03(s,2H), 6.86-7.45(m,9H) 



Elemental analysis (C 2 4H 30 N 2 O 2 0.4DMF 


0.2H 2 O) 








Calcd.: 


CJ3.58: 


H.8.14: 


N.8.17 


Found : 


C.73.73: 


H.8.19: 


N.7.89 
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1-49 : 

1 H-NMR(CDCI 3 -TMS)ppm: 1.28(d,J=6.8Hz,6H), 2.38(s,3H), 2.92(m,1H) t 3.89(s,2H), 4.32(s,2H), 4.96(s.2H), 
5.01 <s,2H), 6.82-7.43(m,14H) 



Elemental analysis (C29H32N2H2 0.5H 2 O) 


Calcd.: 
Found : 


C.77.47: 
C.77.51: 


H.7.40: 
H,7.22: 


N.6.23 
N.6.40 



I-50 : 

»H-NMR(CDCI 3 -TMS)ppm: 1.29(d,J=6.6Hz,6H) f 2.22(s ( BH) t 2.41 (s,3H), 2.93(m,1H), 3.87(s,2H), 4.34(s,2H), 
4.97(s,2H), 6.62(s,2H), 6.80{s,1H), 7.18-7.40(m,5H) 



Elemental analysis (C24H30N2O 0.3H 2 O) 


Calcd.: 
Found : 


C.78.35: 
C.78.26: 


H.8.38: 
H.8.38: 


N,7.61 
N.7.68 



1-51: 

iH-NMR(CDCI 3 -TMS)ppm: 1.13(t,J=7.0Hz,3H), 1.32 (d,J=7.0Hz,6H), 2.28(s,6H), 2.47(s,3H), 2.95(^1,1 H), 
3.35{q,J=7.0Hz t 2H), 3.94(s,2H), 4.96(s,2H), 6.73(s.2H). 6.88(s,1H) 



Elemental analysis (C 18 H 2e N 2 0 0.4H 2 O) 


Calcd.: 
Found : 


C.74.18: 
C74.20: 


H.9.44: 
H.9.40: 


N9.11 
N9.05 



I-52: 

iH-NMR(CDCl3-TMS)ppm: 1.10(t,J=7.0Hz,3H), 1.29 (d,J=6.6Hz,6H), 2.44(s.3H). 2.95(m,1 H) f 3.31 (q,J=7.0Hz,2H), 
3.92(s,2H), 4.92(s,2H), 6.74-6.93(m,4H) 



Elemental analysis (C^H^NjOz 0.1 H 2 0) 


Calcd.: 
Found.: 


C70.36: 
C70.38: 


H.8.41: 
N.8.37: 


N.9.65 
H.9.62 



I-53 : 

iH-NMR(CD 3 OD-TMS)ppm: 1.22(d,J=6.6Hz,6H), 2.33(s,3H), 2.91(m,1H), 3.86<s,2H), 4.35(s,2H), 5.07(s.2H). 
6.63-6.86(m,4H), 7.18-7.35(m,5H) 



Elemental analysis (C^HseNjOz 0.6H 2 O) 


Calcd.: 
Found : 


C.73.14: 
C.73.23: 


H.7.59: 
H.7.61: 


N.7.75 
N.7.48 



I-54 : 

iH-NMR(CDCI 3 -TMS)ppm: 1.05<d,J=6.2Hz,6H), 1.27 (d ( J=7.0Hz.6H), 2.42(s ( 3H), 2.90(m,1H), 3.49(m,1H), 
3.99(s,2H), 4.89(s.2H), 7.09-7 ,33(m,5H) 



Elemental analysis (C 18 H2 6 N 2 0 0.5H 2 O) 


Calcd.: 
Found.: 


C73.1B, 
C73.31, 


H9.21, 
H9.06, 


N9.48 
N9.59 
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1-55: 

iH-NMR(CDCI 3 -TMS)ppm: 1.28(d,J=7.0Hz,6H), 2.43(S.3H). 2.93(m.1H), 3.14(s,3H). 3.99(s,2H), 4.86{s,2H), 

7.08-7.31 (m ( 5H) 

)-56: 

iH-NMR(CDCI r TMS)ppm: 0.83(t.J=7.4Hz,3H), 

1.28(d f J=7.2Hz,6H), 1.45(m,2H), 2.42(s,3H), 2.91(m,1H), 3.17(q,J=6.4Hz,2H), 3.99(s,2H), 4.91(s,2H), 7.08- 
7.33(m,5H) 



Elemental analysis (C ie H2«N 2 0 0.3H 2 O) 


Calcd.: 
Found.: 


C.74.09: 
C.74.06: 


H,9.19: 
H,9.20: 


N t 9.60 
N.9.61 



I-57 : 

1 H-NMR(CDCI r TMS)ppm: 1 .05(t J=7.0Hz f 3H), 1.27 (d.J=7.2Hz,6H), 2.44(s,3H),2.88(m,1H), 3.31(q,J=7.0Hz,2H), 

3.99(s.2H), 4.92(s,2H), 7.04(d,J=6.2Hz,2H), e.50(d.J=5.8Hz,2H) 

I-58 : 

iH-NMR(CDCl3-TMS)ppm: 1 .06(t, J=7.0Hz,3H), 1.28 (d,J=6.8Hz,6H), 2.44(s,3H), 2.90(m,1H), 3.31(q,J=7.0Hz,2H) f 

4.00(s,2H), 4.94(s,2H), 7.18-7.74(m,2H), 8.39-8.53(m,2H) 

I-59 : 

'H-NMR(CDCI 3 -TMS)ppm: 1.24(d,J=7.4Hz,6H), 2.36(s,3H), 3.05(m,1H), 3.95(s,2H), 4.51(s,2H), 5.22(s,2H), 

7.15-7.60(m,7H), 8.39-8.52(m,2H) 

I-60 : 

iH-NMR(CDCl r TMS)ppm: 1.05(t,J=7.0Hz,3H), 1J25(dJ=7.0Hz,6H), 2.42(s,3H) t 2.93(m,1H) f 3.33(q,J=7.0Hz,2H), 
4.16(s,2H), 5.0B(s,2H), 6.95-7.62(m,3H), 8.50-8.55(m,1H) 



Elemental analysis (C 16 H 23 N 3 0 0.3H 2 O) 


Calcd.: 
Found.: 


C.68.93: 
C.68.83: 


H,8.53: 
H.8.35: 


N,15.07 
N.15.05 



1-61: 

iH-NMR(CDCI 3 -TMS)ppm: 1.02(d.J=7.0Hz.6H), 2.20(s,6H). 2.26(s,3H), 2.28(m.1H), 2.37(s t 3H), 3.93(s,2H), 
4.35(s f 2H), 5.08(s,2H), 6.83(s,2H), 7.23-7.40(m.5H) 



Elemental analysis (C^H^NaO 0.2H 2 O) 


Calcd.: 
Found : 


C.78.99: 
C.78.52: 


H,8.59: 
H,8.28: 


N.7.37 
N.7.17 



I-62 : 

iH-NMR(CDCI 3 -TMS)ppm: 1.02(d,J=6.8Hz f 6H), 1.1B(t,J=7.0Hz,3H) 2.21(s,6H) f 2.21(m t 1H), 2.27(s,3H), 
2.45(s,3H) 3.37(q,J=7.0Hz t 2H), 3.94(s,2H), 5.03(s,2H), 6.84(s,2H) 



Elemental analysis (C 20 H 3t) N2O 0.2 H 2 0) 


Calcd.: 
Found : 


C.75.52: 
C.75.45: 


H.9.63: 
H.9.42: 


N.8.B1 
N.8.71 



1-63: 

iH-NMR(CDCI 3 -TMS)ppm: 1 .19(d,J=7.0Hz,6H), 2.3B(s,3H), 2.70-3.01 (m t 5H), 4.48(s,2H), 4.9B(s,2H), 7.01- 
7.40(m,10H) 
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Elemental analysis (C 23 H 2 aN 2 0 0.6 H 2 0) 


Caicd.: 
Found : 


C.76.89: 
C76.74: 


H.8.19: 
H.8.07: 


N.7.80 
N.7.B0 



I-64 : 

^H-NMR(CDCIg-TMS)ppm: 1.18(d,J=7.2Hz,6H), 1.20(t f J=7.0Hz f 3H) ) 2.42(s,3H), 2.6&-3.02(m,5H) t 3.46(q,J=7.0Hz f 
2H) ( 4.97<s,2H), 7.10-7.35(m,5H) 

Elemental analysis (C 1B H 26 N 2 0 0.6H 2 O) 
Calcd. :C,72.74:H,9.22:N,9 . 43 
Found :C,72,74iH,9.00:N,9.32 



I-65: 

iH-NMR(CDCI 3 -TMS)ppm: 1.25(s,1BH), 1.31 (d,J=7.0Hz,6H), 2.41(s,3H), 2.97<m ( 1H), 3.94(s,2H), 4.24(s,2H), 
5.04(s,2H), 6.90(d,2H) t 7.08-7 .36(m,6H) 



Elemental analysis (C 30 H 42 N 2 O 0.6H 2 O) 


Calcd.: 
Found : 


C.78.76: 
C.78.67: 


H f 9.52: 
H.9.31: 


N.6.12 
N.6.15 



I-66: 

iH-NMR(CDCl3-TMS)ppm: 1.04(t>7.0Hz.3H) f 1.27(s.18H), 1.34(d,J=7.0Hz,6H), 2.50<s,3H), 3.21(q,J=7.0Hz.2H). 

3.96(s,2H), 4.99(s ( 2H), 6.93(d,2H), 7.26(d,1H) 

I-67 : 

1 H-NMR(CDCl3-TMS)ppm: 1.08(t,J=7.0Hz,3H), 1.26 (d,J=7.2Hz.6H), 2.43(s t 3H), 2.85(m,1H), 3.33(q,J=7.0Hz,2H), 
3.94{s,2H), 4.94(s,2H) t 6.98(d,J=1.6Hz,2H), 7.20 (d t J=1.6Hz,1H) 



Elemental analysis (C^HzjNzOCIa 0.2H 2 O) 



Calcd.: 


C59.20: 


H.6.55: 


N,8.12: 


Found : 


C.59.00: 


H.6.52: 


N.8.13: 



C.120.56 
C ? 120.58 



I-68 : 

iH-NMR(CDCt 3 -TMS)ppm: 1.27(d,J=6.8Hz,6H), 2.40(s,3H), 2.86(m,1H), 3.88(s,2H), 4.37(s t 2H), 4.96(s,2H), 

6.87-7.34(m,8H) 

I-69: 

iH-NMR(CDCI 3 -TMS)ppm: 1.27(d,J=6.6Hz,6H). 2.39(s,3H). 2.88(m.1H) t 3.91(s,2H), 4.38(s t 2H) ( 4.95(s,2H). 

6.50-7.22{m,8H) 

I-70: 

iH-NMR(CDCI r TMS)ppm: 1.09(t,J=7.0Hz,3H) ? 1.26 (d,J=6.BHz,6H), 2.43(s,3H). 2.86(m.1H), 3.34(q,J=7.0Hz,2H), 
3.97{s,2H), 4.93(s,2H), 6.58-6.70(m,3H) 
I- 88* 

Tj^MR(CDCI 3 -TMS)ppm: 1.26(d,J=7.2Hz,6H), 2.26(s,9H), 2.27<s,3H), 3.00(m,1H), 3.87(s t 2H), 4.48(s,2H), 
5.19(s t 2H), 6.85(s.2H), 7.28-7.4 1(m,5H) 
I- 89* 

^MR(CDCI 3 -TMS)ppm: 1.19(t,J=7.0Hz,3H), 1.26 (d,J=7.2Hz,6H) 2.25(s i 6H), 2.30(s,3H), 2.31 (s.3H), 

3.01(m,1H), 3.44(q,J=7.0Hz,2H), 3.85(s,2H), 5.13(s,2H), 6.83(s,2H) 

I-90: 

n^NMR(CDCI r TMS)ppm: 1. 22(U=7.0Hz,3H), 1.24 (d,J=7.4Hz,6H), 2.41 (s,3H), 3.06(m,1H), 3.48(q,J=7.0Hz,2H), 
3.89(s,2H), 5.17(s,2H), 7.07-7.1 5(m,3H) 
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1-91: 

TpPNMR(CDCI 3 -TMS)ppm: 1.23(d,J=7.0Hz,6H), 2.37(s.3H). 3,05(m,1H). 3.91(s.2H) t 4.51(s,2H), 5.23(s,2H), 

7.08-7.37(m,8H) 

I-92 

iHlNMR(CDCI r TMS)ppm:1.23(d,J=7.4Hz,6H), 2.36(s,3H), 3.05(m.1H} r 3.93(s.2H), 4.51(s t 2H) t 5.22(s,2H), 

6.50-7,42(m,8H) 

I-93: 

Tr7^MR(CDCI r TMS)ppm: 1.24(d f J=7.4Hz.6H) t 1.24(t,J=7.0Hz.3H) 2.41 (s.3H). 3.07(m.1H). 3.48(q.J=7.0Hz,2H). 

3.92(s,2H) 5.17<s,2H), 6.52-6.78(m f 3H) 

1-94: 

TrT^MR(CDCi 3 -TMS)ppm: 1.26(d,J=7.2Hz,6H), 2.40(s,3H). 3,08(m,1H). 3.75{s.6H), 3.91 (s,2H), 4.50(s.2H) f 

5.22(s f 2H). 6.25-6.45(m,3H), 7.25-7.42(m.5H) 

1-95: 

iH-NMR(CDCl3-TMS)ppm: 1.20(t,J=7.0Hz,3H), 1.26 (d,J=7.0Hz,6H), 2.40(s,3H), 3.08(m,1H), 3.47(q t J=7.0Hz,2H), 
3.74(s.6H), 3.8B(s,2H), 5.16(s,2H), 6.24-B.43(m,3H) 

Example 71 

1-Benzyloxymethyl-5-(3 t 5-dirnethoxybenzyl)-4-isopropyl-2-methylimidazole (1-71) and 1-benzyloxymethyl- 
4-(3.5-dimethoxybenzyl)-5-isopropyl-2-methyHmldazole (I-94) 




1-71 1-94 

To a solution of 242 mg of 5-(3 f 5-difnethoxybenzyl)-4-isopropyl-2-methylimidazole (0.88 mmol) In 2.64 ml 
of dry tetrahydrofuran is added 38.8 mg of 60% oil suspension of sodium hydride (0.97 mmol) under ice cooling. 
Ten minutes later, 152 mg of benzyloxymethyi chloride (0.97 mmo!) is added dropwise to the mixture and al- 
lowed to stand for 1 hour. The reaction mixture Is poured onto Ice water and extracted with ethyl acetate. The 
extract is washed with saturated brine, dried over sodium sulfate and filtered. The filtrate is concentrated in 
vacuo. The residue containing two types (non-polar material and polar material) of products are chroma to- 
graphed, eluting with ethyl acetate and n-hexane (2:1). 

The former eluate gives 189 mg of 1-benzyioxymethyl-5-(3 t 5-dimethoxybenzyl)-4-isopropyi-2-methylimi- 
dazole (1-71). Yield, 54.2%. 
1-71 : 

iH-NMR(CDCI 3 -TMS)ppm: 1.29(d,J=7.0Hz,6H), 2.39(s,3H), 2.93(m,1H), 3.72(s,6H), 3.90(s,2H), 4.36(s,2H). 
4.99(s.2H), 6.1B-6.30(m,3H), 7.19-7.40(m,5H) 



Elemental analysis (C24H30N2O3 0.3H 2 O) 


Calcd.(%); 
Found (%); 


C.72.08: 
C.72.43: 


H.7.71: 
H.8.07: 


N.7.00 
N.6.56 



The later eluate gives 25.0 mg of 1-benzyloxymethyl-4-(3,5-dimethoxybenzyl)-5-isopropyl-2-methylimlda- 
zole (I-94). Yield, 7.20%. 
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I- 94 

iH-NMR(CDCI 3 -TMS)ppm: 1.26(d t J=7.2Hz,6H), 2.40(s,3H), 3.08(m,1H). 3.75(s,6H), 3.91(s,2H), 4.50(s,2H), 
5.22(s,2H), 6.25-6.45(m,3H), 7.25-7.42(m,5H) 



Elemental analysis (C24H 3 oN 2 0 3 1.3H 2 0) 


Calcd.(%); 
Found (%); 


C.68.97: 
C6B.89: 


H.7.86: 
H.7.64: 


N.6.70 
N.6.52 



Example 72 

5-(3,5-Dimethoxy benzyl)- 1-ethoxymethyl-4-isopropyl-2- methyl imidazole (I-72) and 4-(3,5-dimethoxyben- 
zyl)-1 -ethoxymethyl-5-isopropyi-2-methylimidazole (1-95) 



CH 3 CONHCH(C0OEt) 2 _ nnr+ 

"eOfftl KaOEt/EtOH > MeO rY>C00Et 

reflex56. 18% NHAc 
OMe OMe 

7 



1 KaOH aq reflux 

2 HC1 aq reflux MeOy^V^ 

Olie 

8 



91. 06* 



CH,K t /THF 
10 D C 92. 51X 




(1) Diethyl 3,5-dimethoxyacetamidomalonate 7 

To a solution of 2.47 g of metallic sodium (107 mmol) in 247 ml of ethanol is added 23.28 g of diethyl acet- 
amidomalonate (107 mmol). The resultant mixture Is stirred at room temperature for 30 minutes, mixed with 
20 g of 3,5-dimethoxybenzyi chloride (107 mmol), heated under reflux for 12 hours and concentrated In vacuo. 
The residue is extracted with ethyl acetate, washed with saturated brine, dried oversodlum sulfate, and filtered. 
The filtrate Is concentrated. The crude product Is re crystallized from ethyl acetate/n-hexane to give 22.12 g of 
the objective diethyl 3,5-dimethoxybenzylacetamidomalonate 7. Yield, 56.18%. 
7: 

iH-NMR(CDCI r TMS)ppm; 1.30(t,J=7.4Hz,6H), 2.04(s,3H), 3.73(s,6H), 3.58(s,2H), 4.28(q,J=7.2Hz,4H), 6.15- 
6.35 (m f 3H), 6.58(br,1H) 
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Elemental analysis (C, fl H 2 5N0 7 ) 


Calcd.(%); 
Found (%); 


C.58.85: 
C.58.67: 


H.6.86: 
H.6.73: 


N.3.81 
N.3.82 



(2) N-acetyl-3,5-dimethoxyphenylalanine 8 

10 A mixture of 8 g of diethyl 3,5-dimethoxybenzyIacetamidornalonate (21. B mmol) and 1 0% aqueous sodium 

hydroxide is heated under reflux for 4 hours. After cooling, the reaction mixture is mixed with 17.74 ml of 36% 
hydrochloric acid and heated under reflux for 30 minutes. The mixture is allowed to cool, and the precipitated 
crystals are filtered and dried to give 5.30 g of the objective N-acetyl-3,5-dimet hoxyp he nyl alanine 8. Yield, 
91.06%. 

18 8: 

iH-NMR(CD 3 OD-TMS)ppm: 1.91(s,3H). 3.00(m,2H), 3.74(s,6H), 4.65(m,1H), 6.30-6.40(m,3H) 





Elemental analysis (C^Hi/NOt 0.3H 2 O) 




Calcd.(%); 


C.57.26: 


H.6.51: 


N.5.14 


20 










Found (%); 


C.57.09: 


H.6.24: 


N,5.13 



(3) N-acetyl-3,5-dimethoxyphenylalanlne methyl ester 9 

To a mixture of 50 ml of 25% aqueous sodium hydroxide and 100 ml of ethyl ether is added 5 g of N-ni- 
trosomethylurea at 10°C, and the mixture is stirred vigorously for 10 minutes. The ethyl ether layer is sepa- 
rated, dried over 1 5 g of potassium hydroxide and added to a solution of 5.3 g of N-acety)-3,5-dimethoxyphen- 
lalanine (19.8 mmol) in 1 00 ml of tetrahydrofuran, and the mixture is stirred at 1 0°C for 1 hour and concentrated 
in vacuo. The crude product is washed with ethyl ether to give 5.16 g of the objective N-acetyl-3,5-dimethox- 
yphenylalanlne methyl ester 9. Yield, 92.51%. 

£: 

iH-NMR(CDCI r TMS)ppm: 2.00(s.3H), 3.06(d.J=5.7Hz,2H), 3.75(s,9H). 4.87<m,1H), 5.92(br,1H). 6.23- 
6.36(m,3H) 



Elemental analysis (CnH 1B NO B 0.2H 2 O) 


Calcd.(%); 
Found (%); 


C.59.02: 
C f 58.91: 


H,6.86: 
H,6.69: 


N,4.92 
N t 5.07 



The subsequent reactions were carried out in the same manner as in Example 42 to give the objective 
compounds (I-72) and (I-95). 
I-72 : 

iH-NMR(CDCl3-TMS)ppm: 1.11(t,J=7.0Hz,3H), 1^8(d t J=6.6Hz, 6H), 2.42(s,3H) f 2.91(m,1H), 3.34(q,J=7.0Hz t 2H) f 
3.74(s,6H) 3.92(S,2H) 4.93(s,2H) 6.22-6.30 (m t 3H) 

Examples 73 - 85 

In examples 73 to 85, compounds (I-73) - (I-85) as shown in the following Tables 9 and 10 were prepared 
substantially in accordance with the procedures used for the production of compound (I-86) in Example 31. 



55 
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5 

Table 9 



15 


example No. 


X 


R 1 






R 4 


npCC) 


Compound Ko. 


20 


73 


S 


-CH, 


-o 


-CH 2 <Q> 


-H 


oil 


1-7 3 

i 


74 


s 


-Oh 


o 




-Br 


oil 


1-74 ! 

i 

I 


25 


75 


s 


-CH, 


o 




-COOEt 


oil 


i - 7 5 i 


30 


76 


s 


-o 


o 


-CH,<Q 


-H 


op 140-141X: 
(HC1 salt) 


1-76 ! 


35 


77 


s 


-CH, 


o 


-C,H> 


-H 


oil 


1-77 


40 


78 


s 


-CH 3 


-n-C<H B 




-H 


oil 


1-78 


45 


79 


s 


-C,H 5 


-o 


-CH 2 <Q 




op 

O1N0, salt) 


1-79 



50 
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Table 10 



15 


Example No. 


X 


R 1 


R 3 


J 


| 




Coopound No, 




80 


s 


-H 


0 


-ch,<Q 


-H 


op 93"C 


1-80 

l 


20 


81 


s 




0 






oi] 


1 

! 

1-81 j 

! 


25 


82 


5 


-CjHs 


He 

lit 






oil 


1 

i 

1-82 i 


30 


83 


s 


-C7H1 


lie 

O 

He 


-C 2 H 4 


-CH, 


oil 


J - 83 


35 


84 


s 


-CH(CH 3 ) 8 


He 

^ - 

He 




-CH, 


oil 


1-84 




85 


s 


-CHCCH 4 )i - 


0 | L 




1 

-CH 3 


Dil 


1 -85 



Physical properties of the compounds shown in Tables 9 and 10 are provided below. 
i-73 : 

so iH-NMR(CDCI 3 -TMS)Sppm: 2.35(s,3H), 4.49(s,2H), 5.31(s,2H) t 7.10-7.39(m,10H), 7.67(s.1H) 
I-74 : 

iH-NMR(CDCI 3 -TMS)8ppm: 2.37(s,3H), 4.56(s,2H), 5.37(s,2H), 7.10-7.36(m,10H) 
I-75 : 

iH-NMR(CDCI 3 -TMS)5ppm: 1.42(U=7.0Hz,2H), 2.39(s,3H), 4.42(q,J=7.0Hz,2H) ) 4.59(s,2H), 5.96(s,2H), 
55 7.13-7.31 (m,10H) 
{-76: (free base) 

iH-NMR(CDCI 3 -TMS)Sppm: 4.43(s,2H), 5.40(s,2H), 7.03-7.39 (m t 13H), 7.95<s,1H). 8.06.11 (m,2H) 
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1-77 : 

1 H-NMR(CDCIjrTMS)5ppm: 1.20(t,J=7.0Hz,3H). 2.34(s,3H). 3.47(q,J=7.0Hz,2H), 5.26(s,2H), 7.09-7.26(m,5H), 

7.67(s,1H) 

1-78: 

s *H-NMR(CDCI 3 -TMS)Sppm: 0.89(t,J=7.5HZ,3H), 1.47(01,48), 2.32(s,3H), 2.79(t,J=7.5Hz,2H), 4.44(s,2H), 
5.27(s,2H), 7.26-7.38(m ( 5H), 7.55(s,1H) 
1-79: (free base) 

iH-NMR(CDCI 3 -TMS)5ppm; 1.13(U=7.5HZ,3H), 2.79 (q,J=7.5Hz,2H), 4.49(s,2H), 5.32(s,2H) t 7.1O-7.35(m,10H), 
7.63(s ( 1 H) 
10 MiO: 

1 H-NMR(CDCI 3 -TMS)5ppm: 4.49(s,2H). 5.32(s,2H) t 7.17-7.39 (m,11H), 7.72(s t 1H) 
1-81: 

iH-NMR(CDCI 3 -TMS)5ppm: 1.11(t f J=7.0Hz,3H), 1.23 (t,J=7.0HZ,3H). 2.48(s,3H), 2.75(q.J=7.0Hz,2H), 3.49(q, 
J=7.0Hz,2H), 5.20(s.2H), 7.00-7.30(m,5H) 
is M52: 

iH-NMR(CDCI 3 -™S)5ppm: 1.10(t ( J=7.4HZ,3H), 2.20(s,6H), 2.42(s,3H), 2.73(q,J=7.4Hz.2H), 4.50(s,2H). 

5.26(s,2H), 6.70-6.77(m,3H), 7.32-7.36(m,5H) 

1-B3: 

iH-NMR(CDCl3-TMS)6ppm: 1.12(U SS 7.6HZ,3H), 1.22 (t,J=7.0HZ t 3H), 2.21 (s,6H), 2.48(s,3H). 2.75(q,J=7.6Hz,2H), 
20 3.50(q, J=7.0HZ.2H), 5.21 (S.2H), 6.70.77(m.3H) 
I-84 : 

iH-NMR(CDCl3-TMS)5ppm: 1.33(d,J=7.0HZ,6H), 2.20(s,6H), 2.40(s,3H). 3.19(sept,1H), 4.52(s,2H), 5.28(s,2H), 

6.60(s,2H), 7.15-7.20{m,6H) 

1-85 : 

25 iH-NMR(CDCI 3 -TMS)Sppm: 1.33(d f J=7.0HZ t 6H), 2.41 (s,3H), 3.18(sept,1H), 4.54(s,2H), 5.28(s,2H) f 7.00- 
7.37(m,10H) 

Compounds (I) obtained in the foregoing Examples are evaluated as to the anti-retrovirus activity and the 
cytotoxicity. 

30 Examples B6- 137 

In the same manner as described above, Compounds I-96 to 1-147 are prepared. 
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10 


E>enple ND. 


X 






R3 


R 4 


Ocnpajnd Nd. 




86 


CH 2 


-CH(CH 3 ) a 


< 


-CH 2 Q 


-CH 3 


1-96 


15 


87 




-CH(CHji* 2 




~CH 2 Q 


— CH 3 


1-97 * 


20 


88 




-CH(CH a ) 2 


MM. 




-CH 3 


1-98 




89 


CH 2 


-CH(CH3) 2 






— CH 3 


I-S9 


25 


90 










— CH 3 


1-100 


30 


91 




-CH{CH 3 ) 2 






-CH 3 


1-101 




92 


CH 2 


-CHtCH3) 2 


-& 




-CH 3 


1-102 


35 


93 


CH Z 


-CH|CH 3 ) 2 


H 




— CH 3 


1-103 


40 


94 


CH 2 


-CH(CH 3 ) 2 


H 




-CH 3 


1-104 




95 


CHj 


-CH(CM 3 ) 2 


-0 




— CH 3 


1-105 


45 


96 


CH 2 


-CH{CH,) 2 


-CS 




— CH 3 


1-106 


50 


97 




-CH(CH 3 ) 2 


-a 




-CH 3 


1-107 


EE 


98 


cw 2 


_CHICH 3 ) 2 


-{J 


-CH 2 Q 


-CH 3 


1-108 



42 



5 



1 

1 




X 






R3 


R 4 


Qjipcurd 
to. 


10 


99 


CH 2 


-CH(CH 3 J 2 






— CH 3 


1-109 


15 


100 


CH 2 


-CH(CH 3 ) 2 


-Q 


-C 2 H 5 


— CH 3 




20 


101 


CH 2 


-CH(CH 3 ) 2 


^MH 2 


-C 2 H 5 


-CH 3 


1-111 


102 


CH 2 


-CH(CMj) 2 


-O 


-C 2 H 5 


— CHj 


1-112 


25 


•03 


CH 2 


-CK(CH 3 ) 2 






— CM 3 


1-113 


30 


104 


CH 2 


-CHICH 3 ) 2 






— CH 3 


1-114 




105 


CH 2 








— CH 3 


1-115 


35 


106 


CH 2 


-CH<CHa) 2 


H 


-C 2 Hs 


— CHj 


1-1 lb 


40 


107 


CHj 




H 






1-117 




108 


CH 2 


-CH(CH 3 ) 2 


"0 




— CHj 


1-118 


45 


109 


CH 2 


-CHtCHjJj 






-CH 3 


1-119 


50 


110 




-CH[CH 3 ) 2 


-C5 




-CH 3 


1-120 


55 


111 






-0 


-C 2 H 5 


-CH 3 


1-121 
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E>enple Nd. 


X 




R* 


R3 


R 4 

t 


Oorpojrd 
to. 


112 


CH 2 


-CH(CH 3 » 2 






— CH 3 


1-122 


113 


CH 2 




-cT 




-CH 3 


1-123 


114 


CH2 


-CHlCHj) 2 


Tin 2 




— CH 3 


1-124 


115 




-CH(CH 3 ) 2 


-cT 


-CH 2 Q 


-CH 3 


1-125 


116 


CH2 


-CH(CH3) 2 






-CH 3 ' 


1-126 


117 


CHj 


-CH[CH 3 ) 2 






-CH 3 


1-127 


118 


CH 2 


-CH(CM3) 2 




-CH 2 Q 


-CH 3 


1-128 


119 * 


CH 2 


— CH(CH 3 ) 2 


-0 

H 




-CH 3 


1-129 


120 


CH 2 
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-CH 2 Q 
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-CH(CH 3 ) 2 
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— CH 3 
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CK 2 


-CHICH3) 2 


-0* 


-CH2© 


— CH 3 
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CH 2 


-CH(CH3) 2 




-CH 2 ^ 




1-133 
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-CHICM 3 ) 2 


-a 


-CH 2 Q 


— CH 3 
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Experiment 1 
Infection Inhibitory Test 
5 Anti-HIV activity and cytotoxicity are tested in the following manners. 

1. Antivirus Activity 

(1) Ahuman T cell MOLT-4 clone 8, a strain continuously infected with HIV (HTLV-IIIB strain), was incubated 
w in RP Ml- 1640 medium containing 10% bovine fetus serum and the supernatant was isolated by filtration. 

After the determination of virus titer, the supernatant was stored at -80°C. A compound to be tested was 
diluted with the same medium to a given concentration and poured into 96-welt microliter plates by 100 
pl/well. To the well is added 50 ul (2.5 x 10 4 cells) MT-4 cell suspensions, followed by the addition of 50 
pi [600 pfu (plaque forming unit)] HIV-containing supernatant previously diluted with the same medium. 
is (2) After 5-day- incubation at 37°C in a carbon dioxide incubator, 30 pi MTT {3-(4,5-diemthylthiazol-2-yl)- 

2,5-diphenyltetrazolium bromide), 5 mg/ml in PBS} was added to each well, and the incubation was con- 
tinued for another 1 hour, during which surviving cells reduce MTT to precipitate folmazan. 
The resultant folmazan was e luted by replacing 1 50 pi supernatant of a culture in each well by 150 pi sol- 
ution comprising 10% triton X - 100 and isopropanol containing 0.4 v/v % HCI and shaking by means of a plate 
20 mixer. The resultant folmazan was assayed at 0D 540 nm, and the result was evaluated by comparison with 
that obtained In a control test. 

I C$0 is defined as a concentration of the compound (I) that gives a 50% inhibition against viral cytotoxicity. 
The results are summarized In Table 15. 



Table 15 





Compound No. 


ICso(ug/m1) 


Compound No. 


ICsofugrnil) 




1-1 


0.03-0.06 


I-50 


0.016 


30 


I-4 


0.13-0.25 


I-58 


0.5 




I-5 


0.13-0.25 


I-67 


0.005 




1-12 


0.06-0.13 


I-69 


0.003 


35 


1-14 


0.016-0.032 


1-90 


0.5-1.0 




1-15 . 


0.063-0.12 


1-91 


0.5-1.0 




1-16 


0.016-0.031 


1-92 


0.25 


40 


1-17 


0.016 


1-93 


0.06 




1-16 


0.016 


AZT 


0.005-0.01 




I-29 


0.13-0.25 


TIBO(R-82913) 


0.13-0.25 


45 


I-42 


0.016 







2. Cytotoxicity 

50 

Cytotoxicity of a compound (I) was evaluated in a similar manner as described in 1 above except that 50 
pi of the same medium is added to each well in place of the HIV-containing supernatant (viral solution). 
CC 50 is defined as a concentration of the compound (I) that gives 50% cytotoxicity. 
Results are summarized in Table 16 below. 
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Table 16 

A2T TIBO (R-82913) 
N s 

Compound No. I CC 5 , (itg/nl) Compound No. CC* 



Compound No. 


CCsoCjig/nl) 


Compound No. 


CC S ,(jlg/Bl) 


1 -4 


12.5 




25 


I -50 


6.25- 12.5 


I -5 


12.5 




25 


I -58 


> 100 


I -9 


12.5 




25 


I -67 


6.25- 12.5 


I -12 


12.5 




25 


I -69 


6.25- 12.5 


I -13 


12.5 




25 


1 -90 


1.0-10 


1 -14 


10 




20 


I -91 


10 -100 


I -15 


10 




20 


1 -92 


6.25- 12.5 


I -18 


25 




50 


I -93 


12.5 - 25 


1 -29 


25 




50 


AZT 


25 


I -42 


3. 1 




6. 25 


TIBOCB-82913) 


12.5 - 25 



As is clear from the results of Tables 11 and 12, the compounds of the present invention or salts thereof 
possess anti-HIV activity, whereby the compounds of the invention can be used for the treatment of HIV virus 
infections such as AIDS or the like but also the development of derivatives improved pharmacological prop- 
erties. 

In the compounds of formula I the various alkyl groups may be substituted provided that the resulting com- 
pound has anti-viral activity. 

Claims 

1. A compound of the formula I: 
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NCH,)/N 3 



wherein R 1 is hydrogen, alkyl, halogen, or optionally substituted aryl, R 2 is alkyl, optionally substi- 
tuted aryi optionally substituted aralkyl, or an optionally substituted hetero ring group; R 3 is hydrogen, alkyl, 
optionally substituted aryl, optionally substituted aralkyl, or optionally substituted hydroxyalkyl; R 4 Is hy- 
drogen, alkyl, halogen, acyl, optionally substituted hydroxyalkyl, optionally este rifled or amidated carboxyl 
group, hydroxy group, aryl or arylthio; X is S, SO, S0 2l CH 2 , or Se; n is an integer of 1 to 3, or a pharma- 
ceutically acceptable salt thereof. 

A compound according to Claim 1, wherein R 1 is hydrogen, lower alkyl, halogen, or phenyl; R 2 is lower 
alkyl, phenyl optionally substituted by lower alkyl or halogen or pyridyl; R 3 is lower alkyl, benzyl, or hy- 
droxyalkyl; R 4 is hydrogen, lower alkyl, halogen* formyl, optionally substituted hydroxymethyl, optionally 
esterified or amidated carboxyl group, hydroxy group or phenylthio group; and X is S or CH 2 ; and n is a 
integer of 1. 

A pharmaceutical composition comprising an effective amount of a compound of Claim 1 or Claim 2 in 
association with a pharmaceutical^ acceptable, substantially nontoxic carrier or excipient. 

An antivirus agent which comprises an effective amount of a compound of Claim 1 or Claim 2 together 
with pharmaceutical^ acceptable carriers therefor. 

The use of a compound of the formula I: 



wherein R 1 Is hydrogen, alkyl, halogen, or optionally substituted aryl, R 2 is alkyl, optionally substi- 
tuted aryl optionally substituted aralkyl, or an optionally substituted hetero ring group; R 3 is hydrogen, alkyl, 
optionally substituted aryl, optionally substituted aralkyl, or optionally substituted hydroxyalkyl; R 4 Is hy- 
drogen, alkyl, halogen, acyl, optionally substituted hydroxyalkyl, optionally esterified or amidated carboxyl 
group, hydroxy group, aryl or arylthio; X is S, SO, S0 2 , CH 2 , or Se; n is an integer of 1 to 3, or a pharma- 
ceutical^ acceptable salt thereof, in the preparation of a pharmaceutical formulation for the treatment of 
a retrovirus infection, such as human immunodeficiency syndromes. 
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